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MULTIPLE PLATFORM SENSOR INTEGRATION MODEL:

MULSIM COMPUTER PROGRAM

1. INTRODUCTION

1.1 Background

The Navy has always been interested in developing the means to effectively integrate
the activities of individual units engaged in multiunit operations. Efforts in this direction led
to the development of the Navy Tactical Data System (NTDS), which is basically a
computer-aided manual system. Since its development in the 1950s there have been major
technological improvements. These developments, together with improved communications
systems such as the Joint Tactical Information Distribution System (JTIDS), and navigation
satellites such as NAVSTAR have brought the automatic, multiple-platform sensor
integration system into the realm of possibility.

The system that has been modeled consists of two or more ships, each having one or
more radar/ESM systems on board (see Fig. 1.1). The surveillance systems are assumed to be
detecting targets either on an individual basis or jointly with other surveillance systems. A
communication system with capabilities similar to JTIDS and a navigation system capable of
giving accurate fixes on all participating platforms are assumed to exist. The combined
system has the ability to transmit and assimilate data and provide smoothed tracking
information to all participating platforms.

DATA LINKS

Fig. 1.1 - Muitple Platform Sensor Integration System

Manuscript submitted August 14, 1979.
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From a global point of view, the most obvious benefit to be derived from the develop-
ment of this system is the presentation of the overall tactical environment to Fleet
commanders. System survivability is an important feature. Platforms will still be able to
operate with tracking information from other platforms in the event that their surveillance
systems become inoperable or are shut down in .MOON situations. The effects of stand-off
main-lobe jammers can also be minimized as shown in Fig. 1.2. More fundamental, however
are the benefits to be derived in track management. Improved tracking performance can be
expected from frequent updates that occur when several sensors are producing detections
and from increased accuracy produced by the ca hairing of targets (ee Fig. 1.3).

JAMMER I JAMMER 2

Fig. 1.2- Stand-off main-lobe jammers
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There are two reasons for developing this model. The primary consideration is the
development of a system architecture,* i.e., actual development of algorithms and tech-
niques for track correlation/association, track management, and updating of tracks. This
architecture is hinged upon the concept of obtaining the best target information from
sensors while using the smallest amount of channel capacity. The second consideration is
having the capability of examining the performance of the system, in particular the
propagation of errors through the system.

To reiterate, the model will serve as a foundation for future software development and
at the same time allow the user to demonstrate the advantages/limitations inherent in a
multiple platform sensor integration system.

1.2 Model Architecture

The model consists of two basic parts: a stimulator and a track correlation/integration
system (Fig. 1.4). The stimulator takes initial target positions, headings, and velocities from
an input scenario and determines their position at some later time designated by a radar
sector crossing. It then adds measurement errors to the true coordinates of the radar detec-
tions and inputs them to the track correlation/integration module. The detections from each
individual platform are subjected to a correlation/association process, and the detections
that associate with existing tracks are integrated with selected detections from the other
platforms to produce updated positions for the system tracks.t The stimulator and the track
correlation/integration system are controlled and linked by the executive routine. The
executive routine also controls the initiation process and the loading of track files.

Tie Select Next
Tie Radar Sector

~~Crossing

STI R integration System
Detections System Tracks

Fig. 1.4 - Basic modules

*See Refa. I and 2 for a more detailed discussion of system architecture and operating philosophy.

"See Refs. 1 and 4 for sanple tracking outputs from MULSIM.
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2.0 MULSIM PROGRAM

2.1 Executive Module

The executive module has four basic functions: (a) to read the program inputs and initial-
ize the scenario, (b) to load the system track riles, (c) to schedule events and, (d) to call the
various subroutines in a logical sequence that simulates the functional flow of an operating
system. These functions are handled by subroutines INITAL, LOAD, and NEXRAD and the
executive routine, respectively.

2.1.1 MULSIM Executive Routine

The executive routine drives the MULSIM program. Besides calling for the initialization
of the scenario and the loading of the track files, the executive routine calls each subroutine,
in a logical sequence, whenever the NEXRAD subroutine schedules a sector-crossing event.
This procedure can best be followed by referring to Fig. 2.1.

The process is started by setting the game time equal to zero. Subroutine INITAL is
then called to set the initial values of scenario parameters. As the program is currently con-
figured there is no formal input/output (I/O) structure. Initial positions of targets and ships
and parameters relating to trajectories are set in INITAL on a card-by-card basis, i.e., there
are no formatted inputs.

The next step in the process is the loading of the sector track files and the initialization
of the tracking filter. The positions of all the targets and ships with respect to each ship are
determined at time = 0 s and at time = 1 s in each ship's stabilized coordinate system and
deck-plane coordinate system. The subroutines called for this purpose are TRKGEN,
SHPGEN, MOTION, SCOORD, TCOORD and STAB1. Each subroutine is described in
detail in the track correlation/integration section.

The LOAD subroutine uses the generated position information to establish target
velocities and initialize the covariance matrices for the Kalman filter. LOAD also uses the
position information to load the sector track files. The area around each ship is divided into
64 angular sectors, and target tracks are assigned to sector track files according to their
current location.

When the loading and initialization process has been completed, the program starts to
cycle through the main loop of the routine. The program exercises this loop each time a
radar makes a sector crossing. The time at which a sector crossing takes place and the sector
number of the sector the radar has just crossed is determined by subroutine NEXRAD. If
there are targets in the sector designated by NEXRAD or in adjacent sectors, the next step is
to update the position of all targets and ships to the sector crossing time. Subroutines
TRKGEN and SHPGEN are called to give the updated latitude and longitude of all the
targets and ships, and the ship's motion is accounted for by calling subroutine MOTION,

which provides the current pitch and roll of each ship. The new coordinates of all the targets
and ships in each ship's stabilized coordinate system are found by calling subroutines
TCOORD and SCOORD.

li 4
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The targets located in the sector designated by NEXRAD are identified and their
numbers are loaded into detection files. Each sector is further divided into range bins (200
currently) and, corresponding to each range bin, there is an existing detection file. The
loading of these detection files takes place in subroutine DETFIL.

Before the correlation/integration process can be attempted, noise must be added to
the "true" coordinates of the targets to approximate the measurement process. This is
accomplished by first transforming the stabilized coordinates to deck-plane coordinates* in
subroutine STABI and then injecting noise by selecting samples from a normal noise distri-
bution derived from a random number generator. This function is performed by subroutine
NOISY, which also transforms the noisy deck plane coordinates back to the stabilized
coordinate system. All of the correlation/integration process is carried out in the stabilized
coordinate system.

There is one additional bookkeeping function performed prior to the correlation/
integration process. The system sector track files must be kept current. Each sector has a file
that contains all of the tracks currently located in that sector. The PREDIC subroutine is
called to update these track files to predict the position of the tracks at the sector crossing
time. To account for processing delays the PREDIC subroutine is applied, not to the tracks
in the sector designated by NEXRAD, but to the previous sector. An additional time delay
is introduced after PREDIC is called by stepping back one more sector before starting the
correlation/integration process.

The correlation process is started by calling subroutine CORRAS. The tracks located in
the sector under consideration are individually selected for correlation with detections. The
detections located in the nine range/sector bins contiguous to the track are said to be corre-
lated with the track, and the statistical distance between the track and each detection is
calculated.

The association process is concerned with the resolution of conflicts that might arise in
the correlation process, and this is also handled in the CORRAS subroutine. Conflicts occur
when two or more tracks are correlated with the same detection. If this is the case, statisti-
cal distances are compared and the detection is declared to be associated with the track
having the smallest statistical distance to the detection.

The next step is to sort the associated detections. SORT subroutine places detections
in three categories: those associated with participating platforms; those associated with
tracks that one's own ship is responsible for updating; and those associated with tracks
which ownship is not responsible for updating.

Although it is not currently being done, it is planned eventually to use those detections
in the first category for reducing bias errors. Positional information from detections in the
second category is stored for the updating process, and if the detection belongs to the third
category, SORT calls subroutine TIMCON to determine if a time slot is available for
transmitting data over the link.

*See Ref. 2 for description of coordinate systems.
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The executive routine is also concerned with the flagging of time slots. The status of
the 1-s time slots over a 1-min period is taken into account. This 1-min period is divided
into segments of 20 s and the executive routine is responsible for setting the flags associ-
ated with each 1-s time slot in the segment. At 20-s intervals the executive routine sets the
flags in the next 20-s segment to 0. For each time slot this indicates that no data have been
sent over the link during that 1-s period. As data are transmitted the corresponding flags are
set equal to 1.

The LNKDET subroutine is called to start the updating process. For each track the
LNKDET subroutine merges the detections from the communications link with those from
ownship in a sequential file.

2.1.2 Subroutine INITAL
As the program is currently configured there is no formal input/output structure. Con-

sequently INITAL is used to define the scenarios, set parameters, initialize arrays, and
define constants. Table 2.1 defines the arrays, parameters, constants, etc. which are set in
INITAL. Variables are listed in order of appearance.

Table 2.1 - Functions Performed in INITAL

Fortran Description

Variable

RAD Conversion factor, radians to degrees

DIMI, DIM2, DIM3 Dimensions for setting size of arrays in KALMAN
TIMLAG Time lag used in UPDATE

LASDET Location of last available space in file that is loaded in
DETLOC

NEXDET Location of next available space in file that is loaded in
DETLOC

RNGDIM(I,J) Dimension of range bin in meters for radar I on
platform J

N(I) Standard deviation of noise in measurement of targets
and position of platforms. Used to determine the measure-
ment covariance matrix with respect to platform J when
measurement is made at platform I.

N2(I) Standard deviations of noise in measurements, used to
determine covariance matrix with respect to platform I's
stabilized coordinate system

SIGAZD(I,J) Standard deviation of azimuth measurement noise for
radar J on platform I

SIGELD(IJ) Standard deviation of elevation measurement noise for
radar J on platform I

7
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Table 2.1 (Continued) - Functions Performed in INITAL

Fortran Description
Variable

RHOD(IJ) Standard deviation of range measurement noise for radar
J on platform I

LISDET(I) Linkage device used in DETLOC to reserve and vacate
locations in files

DETSC(I) Pointing device use in CORRAS to pinpoint location of
last entry to file

FILEX(IJ) Pointing device used in SORT to pinpoint location of last
entry to file

FILID(I) Linkage device used in SORT to link all locations in a file
that are associated with a particular track

NS Number of platforms in scenario

AZINT(I,J) Initial azimuth of radar I on platform J (deg)

RVEL(I,J) Rotation rate of radar I on platform J (deg/s)

SILAT(I) Initial latitude of platform I (deg)

SILOG(I) Initial longitude of platform I (deg)

SIHT(I) Initial height of platform

SVEL(I) Velocity of platform I (m/s)

NR(I) Number of radars on platform

NT Number of targets in scenario

SECTIM(I,J) Time required by radar I on platform J to sweep over one
angular sector

TILAT(I) Initial latitude of target I (deg)

TILOG(I) Initial longitde of target I (deg)

TIHT(I) Initial height of target I (in.)
SIHD(I) Initial heading of platform I (deg)

TIHD(I) Initial heading of target I (deg)

TVEL(I) Velocity of target I (m/s)

ER Equatorial radius of the earth (m)

PR Polar radius of the earth (m)

TIV(I) Angular velocity of target I on great circle route (rad/s)

SIV(I) Angular velocity of platform on great circle route (rad/s)

RMAG(I) Roll magnitude of platform I (rad)

PMAG(I) Pitch magnitude of platform I (rad)

8
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Table 2.1 (Concluded) - Functions Performed in INITAL

FortranFortane Description
Variable

WOR(I) Roll rate of platform I (rad/s)

WOP(I) Pitch rate of platform I (rad/d)

RPHASE(I) Initial roll phase angle for platform I (rad)

PPHASE(I) Initial pitch phase angle for platform I (rad)
LASTM(I) Last available location in file used in MPTFIL

DPOPM(I) Indicator used in MPTFIL
FULLM(I) Number of available locations in file used in MPTFIL

NEXTM(I) Next available location in file used in MPTFIL

LISTM(IJ) Linking device used in MPTFIL

DROPD(I) Indicator used in DUMFIL

LASTD(I) Last available location in file used in DUMFIL

FULLD(I) Number of available spaces in file used in DUMFIL
NEXTD(I) Next available space in file used in DUMFIL
LISTD(I,J) Linking device used in DUMFIL
FULLNK Number of available spaces in file in LNKLOC
LASLNK Last available space in file used in LNKLOC
NEXLNK Next available space in file used in LNKLOC
LISLNK(I) Linking device used in LNKLOC
G(I,J) Array used in state equation in KALMAN
H(I,J) Array used in observation equation in KALMAN

2.1.3 Subroutine LOAD

Subroutine LOAD is called twice by the MULSIM executive routine. Once at time = Os
and once at time = 1 s. Positions of all the targets and platforms with respect to every other
platform are determined at time = 0 s. This calculation is carried out with the true target/
platform locations, and the positions are determined in each platform's stabilized coordinate
system. The position coordinates are saved for the next pass through LOAD, and control is
returned to the executive routine. On the second pass through LOAD, positions are again
determined at time = I s and velocity estimates are made from the position changes over the
1-s time interval. This information is used to load the estimated state vector for the tracking
filter.

LOAD next calls the STAB2 subroutine for noisy deck-plane position coordinates that
are used in subroutine COVOWN to determine initial values of the measurement covariance

9
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matrix. These values are used in turn to load the covariance matrix that corresponds to the
state vector estimate. In lieu of a track-initiation process, LOAD is also used to assign MPT
and dummy track numbers and to load the sector files. It is also used to initialize the
NEXSEC, TIMNEX, and TLAST arrays. The NEXSEC and TIMNEX arrays contain the
number of the sector that each radar will next cross and the time at which this sector cross-
ing will take place. The TLAST array contains the time at which each track was last
updated. Initially all the elements of TLAST are set equal to 1 s.

The entire process is outlined by a macro flowchart in Fig. 2.2.

2.1.4 Subroutine NEXRAD

Subroutine NEXRAD is called by the Program MAIN. Its primary function is to deter-
mine which radar on which platform will next make a sector crossing and then record the
time at which this event will take place.

The area surrounding each ship is divided into 64 angular sectors. The sectors are
numbered clockwise from true North with the first sector to the right of North being
assigned the number 1.

The flow of logic through the subroutine is outlined in Fig. 2.3. The TIMNEX(IJ)
array contains the time at which radar I on platform J will next make a sector crossing.
NEXRAD interrogates this file for the lowest time. This determines which radar will be the
first to make a sector crossing. The sector number of the sector that radar I is currently
scanning is stored in the NEXSEC(IJ) file. This number is incremented when radar I on
platform J has the lowest value in the TIMNEX file. The TMRK(ISEC,IJ) file is also
updated in NEXRAD. This file records the time at which radar I on ship J crossed from
sector ISEC to ISEC+1. Before leaving NEXRAD, TIMNEX(IJ) is also increased by the time
required by radar I to sweep across a sector.

2.2 SYSTEM STIMULATOR

2.2.1 Subroutine MOTION

Subroutine MOTION is called by the executive routine (MAIN). For a given time,
MOTION calculates the current roll and pitch of each platform. The roll and pitch of each
platform are assumed to be time-varying sinusoidal functions with specified initial values,
magnitudes, and frequencies. Table 2.2 defines the variables used in MOTION.

10
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Fig. 2.2 - Subroutine LOAD macro flowchart
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A

CALL STAB2, Noisy deck-plane
CALL TAB2coordinates

CALL COOWN Measurement covariance
matrix

Load covariance matrix"

for Kalman filter

Identify tracks as
participating platforms

Load array containing
last update time

100

Load arrays containing next sector
to be crossed and next sector-crossing
time for every platform and every radar

U

Fig. 2.2 (Concluded) - Subroutine LOAD macro flowchart

I

12

Ii,

L

MOP--!



NRL REPORT 8858
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SAVTIME 100000
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?INX(.JI>SVI Time of next sector crossing
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20 End of do-loop
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IR -K
IS = L

NEXSEC (K, L) NEXSEC (K, LI

TMRK (ISEC, K, L) = TIMNEX (K, L)

Fig. 2.8 - Subroutine NEXRAD
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Table 2.2 - Variables in Subroutine MOTION

Fortran Dcription
Variable

TIME Time (s)

NS Number of platforms in scenario

ARG Roll or pitch for unit magnitude

WOR(I) Angular roll frequency for platform I (rad/s)

RPHASE(I) Initial roll for ship I (rad)

ROLL(I) Current roll position for platform I (deg)

RMAG(I) Magnitude of roll for platform I (deg)

WOP(I) Angular pitch frequency for platform I (rad/s

PPHASE(I) Initial pitch for platform I (rad)

PITCH(I) Current pitch position for platform I (deg)

2.2.2 Subroutine SHPGEN

Subroutine SHPGEN determines the current latitude, longitude, and heading of all
platforms in the scenario from current positions and velocities. As the program is currently
configured, the platforms are confined to moving on great circle routes over an oblate
spheroid at constant speed. The platforms' angular velocity, initial heading, latitude, and
longitude are provided by INITAL. This reduces the problem to a simple exercise in spheri-
cal trigonometry. Almost 50% of the logic in the subroutine is concerned with resolving
problems encountered at trigonometric discontinuities (t 900, 1800, 3600 etc.). Table 2.3
defines the variables used in SHPGEN. They are listed in the order of their appearance in the
program listing.

Table 2.3 - Variables in SHPGEN

Fortran Description
Variable

SIV(I) Angular velocity of platform I on great circle route
(tad/s)

TIME Time (s)

C Central angle transcribed by platform under
consideration

YP Sine of central angle

ZP Cosine of central angle

SIHD(I) Initial heading of platform I measured from true North
(deg)

14
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Table 2.3 (Concluded) - Variables in SHPGEN
Fortran Description

Variable

SILAT(I) Initial latitude of platform I (deg)
SILOG(I) Initial longitude of platform I (deg)
XGYG,ZG Direction cosines of platform's current position in geo.

centric coordinate system
SLAT(I) Current latitude of platform I (deg)
SLOG(I) Current longitude of platform I (deg)

SIHT(1) Initial height of platform I (m)
SHT(I) Current height of platform I (m)
SHD(I) Current heading of platform I (deg)

2.2.3 Subroutine TRKGEN

Subroutine TRKGEN is very similar to subroutine SHPGEN. TRKGEN performs the
same function for targets that SHPGEN performs for platforms. The current latitude, longi.
tude, and heading are determined for all targets in the scenario. The targets are confined to
moving on great circle routes at constant altitude and speed over an oblate spheroid. The
targets' angular velocity, initial heading, latitude, and longitude are provided by INITAL.
Table 2. defines the variables used in TRKGEN, listed in the order of their appearance in
the program listing.

Table 2.4 - Variables in TRKGEN Subroutine

Fortran
Variable Description

TIV(I) Angular velocity of target I on great circle route (ad/s)

TIME Time (a)
C Central angle transcribed by target under consideration
YP Sine of central angle
ZP Cosine of central angle

TIHD(I) Initial heading of target I measured from true north (deg)
TILAT(1) Initial latitude of target I (deg)

TILOG(I) Initial longitude of target I (deg)

15
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Table 2.4 (Concluded) - Variables in TRKGEN Subroutine

Fortran Description
Variable

XG, YG, ZG Direction cosines of targets' current position in geo-
centric coordinate system

TLAT(I) Current latitude of target I (deg)

TLOG(I) Current longitude of target I (deg)
THT(I) Current height of target I (m)

THIT(I) Initial height of target I (m)

THD(I) Current heading of target I (deg)

2.2.4 Subroutine SCOORD

The current range, azimuth, and elevation of all the platforms with respect to a speci-
fied platforms' stabilized coordinate system is determined by subroutine SCOORD. The
locally stabilized coordinate systems are centered at each platform's c.g. with the z-axis
pointed upward along the local gravity vector, the y-axis pointed toward true North, and the
x-axis lying due east (see Fig. 2.4). Azimuth is measured clockwise from the y-axis.

--- ,-EARTH's AXIS OF ROTATION

YS

LOCAL GRAVITY VECTOR

fzsZ

PLANE NORMAL TO LOCAL
GRAVITY VECTOR

EARTH
CENTER--.

Fig. 2.4 - Locally stabilized coordinates
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If the latitude, longitude, and altitude of each platform Ae known, it is a simple exer-
cise in spherical trigonometry to determine the stabilized coordinates of each platform in
some other platform's stabilized coordinate system and hence the respective range, azimuth,
and elevation. The variables used in this process are listed in Table 2.5 in the order of their
appearance in the program listing.

Table 2.5 - Variables in SCOORD

Fortran Description
Variable

NS Number of platforms in scenario
NT Number of targets in scenario
ISHIP Platform under consideration
ER Equatorial radius (in)

PR Polar radius (in)
RAD Conversion factor, degrees to radians
SLAT(I) Current latitude of platform I (deg)

RHOT Local Earth radius at platform I (m)
RHOS Local Earth radius at platform ISHIP (in)
SLOG(I) Current longitude of platform (deg)
X,Y,Z Geocentric coordinates of platform I
XP, YP, ZP Stabilized coordinates of platform I in ISHIP's stabilized

coordinate system
AZ(KJ) Azimuth of platform K with respect to platform J (deg)

EL(KJ) Elevation of platform K with respect to platform J (deg)
IG(K J) Range of platform K with respect to platform J (in)
ISEC Sector containing platform K in platform J's coordinate

system
KSEC(ISECJ) Indicator which indicates that platform J has a target in

sector ISEC
SHT(J) Altitude of platform J (in)

2.2.5 Subroutine TCOORD

Subroutine TCOORD essentially parallels subroutine SCOORD; i.e., the range, azi-
muth, and elevation of all targets in the scenario are determined in a specified platform's
stabilized coordinate system. The variables not used in subroutine SCOORD are given in
Table 2.6.

17
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Table 2.6 - Variables Not Used in SCOORD

Fortran
Variable

TLAT(I) Current latitude of target I (deg)

TLOG(1) Current longitude of target I (deg)

THT(I) Current altitude of target I (m)

2.2.6 Subroutine DETFIL

Subroutine DETFIL is called by the executive routine to assign detection numbers to
targets and load them in their respective range bin files. Technically speaking, DETFIL is
not part of the stimulation process. In an operating system the DETFIL function would be
performed on noisy measurements made by the system; however, in MULSIM the DETFIL
function is performed on the stabilized true target positions. This was done to eliminate
problems associated with targets flying along sector lines and hopping from one sector to
the other as noise was injected into their measurements. Since the DETFIL subroutine per-
forms its operations before the completion of the stimulation process, it has been included
in the system stimulator section.

Subroutine DETFIL is called for a specified radar, platform, and sector. The first step
in the process is to determine the angular limits of the specified sector and then run through
all the platforms and targets in the scenario to see if they lie within this sector. The next
step is to determine which range bin contains the target and to load the assigned detection
numbers into a linked file that contains all the detection numbers assigned to each individ-
ual range bin. Aside from determining whether the target under consideration has moved
into the sector during the sector crossing time and zeroing out an array used in the correla-
tion subroutine, this essentially completes the process. Table 2.7 describes the FORTRAN
variables used, and Fig. 2.5 is a flowchart of the subroutine logic.

Table 2.7 - Variables in DETFIL

Variable Description

IR, IS, ISEC Identification numbers of radar, ship, and sector under
consideration

NT, NS Number of targets and platforms in scenario

LSTBIN(I,J,K,L) Array containing identification number of last target to
be placed in linked file for sector 1, range bin J, radar K,
and platform L

AZLO Lower boundary of sector ISEC (deg)

AZHJ Upper boundary of sector ISEC (deg)

18
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Table 2.7 (Concluded) - Variables in DETFIL

Fortran Description
Variable

AZ(IJ), RG(IJ) Azimuth, range of target/platform I wr.t. platform J
(deg)

JRN Range bin identification number

IDET(IR,IS) File containing next-detection identification number to
be assigned by radar IR on platform IS

RNGDIM(IS,IR) Range dimension of range bins for radar IR on platform
Is

IDTA(ID, IR, IS) File which links detections and targets. File contains
target/platform number that corresponds to detection
ID from radar IR on platform IS.

ITAG(I,IR,ISISEC) Indication that target I was assigned detection number in
sector ISEC

LNKBIN(ID,IR,IS) Linking device that links all the detections from a
particular range bin for radar IR on platform IS

TRATG(ID) Flag that indicates that detection ID has been correlated
with a track

2.2.7 Subroutine STAB1

Subroutine STABI is called by the MULSIM executive routine. Its primary purpose is
to produce the deck-plane coordinate of all the targets/platforms in the deck-plane coor-
dinate system of a platform (ISHIP) which is designated in the calling sequence. The sub-
routine is entered with the stabilized coordinates and the current roll and pitch of platform
ISHIP. With this information, it is a simple trigonometric exercise to rotate the stabilized
coordinates into the deck-plane system. Table 2.3 lists the variables used in STAB1 in the
order of their appearance in the program listing.
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Table 2.8 - Variables in STAB1

FortranVariable Description

NT Number of targets in scenario

Number of platforms in scenario

ISHIP Platform under consideration

ROLL(J), PITCH(J),
(SHD(J) Current roll, pitch, and heading of platform J (deg)

AZ(IJ), EL(IJ) Current azimuth and elevation of target I in platform J's
stabilized coordinate system (rad)

XX(IJ), YY(IJ) Direction cosines of target I's position

SS(I,J) Vector in platform J's deck-plane coordinate system

AZD(IJ), ELD(IJ) Azimuth and elevation of target/platform I in platform
J's deck-plane coordinate system

2.2.8 Subroutine NOISY

Subroutine NOISY is called by the MULSIM executive routine to provide the model
with the noisy stabilized coordinates of every detection in a designated radar sector. The
first step in the process is to go through each range bin in the sector and select individual
detections from the range bin under consideration.

If there are detections in a particular range bin, the next step is to identify the targets
they correspond to through the IDTA array and load the XYZTRU array with the true rec-
tangular stabilized coordinates for future reference. This is more or less preliminary to the
primary function of NOISY. The nucleus of NOISY is the STAB2 subroutine. Therein,
samples are selected from a normal noise distribution derived from a random number
generator. The samples are then added to the deck-plane coordinates, and the noisy deck-
plane coordinates (range, azimuth, elevation) are transformed to the stabilized coordinate
system and returned to NOISY. NOISY next takes the noisy stabilized range, azimuth, and
elevation and determines the rectangular coordinates of the detection. These are loaded in
the XYZMS file. The TMS file, which contains the time at which the detection was made, is
loaded with the sector-crossing time. This process is repeated until all of the detections in
sector ISEC have been considered.

Table 2.9 describes the variables used in NOISY listed in the order of their appearance
in the listing. Figure 2.6 is a flowchart of the subroutine.
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Table 2.9 - Variables in NOISY

Fortran Description
Variable

IR, IS, ISEC Radar, platform, and sector to be considered

JRN Range bin number

LSTBIN(I,J,K,L) Array containing identification number of last detection
made in range bin J of sector I by radar K on platform L

IDTA(I,J,K) Array containing target number of target that corre-
sponds to detection I, made by radar J on platform K

XYZTRU(I,J,K,L) True rectangular coordinates of detection I, made by
radar K on platform L

J = 1 x-coordinate
= 2 y-coordinate
= 3 z-coordinate

RG(I,J), AZ(IJ), Range, azimuth, elevation of target I with respect to plat-
EL(IJ) form J (m and rad). Values are true stabilized before call

to STAB1; noisy afterwards.

XYZMS(IJ,KL) Noisy stabilized rectangular coordinates of detection I
made by radar K on platform L

J = 1 x-coordinate
= 2 y-coordinate
= 3 z-coordinate

TMS(I,J,K) Time at which detection I was detected by radar J on
platform K

TMRK(I,J,K) Time at which radar J on platform K passes from sector
Ito(I+ 1).

LNKBIN(IJ,K) Linking device containing number of the detection that
was made prior to detection I and is in the same range bin
as detection I. J and K represent the radar and platform
number respectively.

2.2.9 Subroutine STAB2

Subroutine STAB2 is called by subroutine NOISY for a designated target, ship,
and radar. Its primary function is to inject noise into the true deck-plane range, azi-
muth, and elevation and to transform the noisy measurements to the stabilized
coordinate system. This is accomplished by selecting samples from a normal noise dis-
tribution derived from a random number generator (VRANF), weighting the samples
by the standard deviation, and adding the result to the true deck-plane range, azimuth,
and elevation. The transformation to the stabilized coordinate system is a simple 3-axis
rotation involving the ship's roll, pitch, and heading.
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Fig. 2.6 - Subroutine NOISY
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Table 2.10 lists the variables in the order that they are presented in the listing.

'. able 2.10 - Variables in STAB2

Fortran Description
Variable

I,J,K Designated target, platform, and radar

AZR, ELR Noisy deck-plane measurements (red)

AZND(IJ,K)

ELND(I,J,K) Noisy deck-plane azimuth, elevation, and range measure-
ments for target I as measured by radar K on platform J

RNND (I,J,K)

ROLL(J), PITCH(J) Current roll and pitch of platform J
X,Y,Z Direction cosines of target in stabilized system that has

x-axis pointed in direction of ship's motion

SHD(J) Current heading of platform J (deg)

, J Stabilized azimuth, elevation, and range of target I with
AZ(I ) EL(IJ) respect to platform J. True quantities are replaced by
RG(IJ) noisy quantities in these arrays before leaving STAB2.

2.3 Track Correlation/Integration System

2.3.1 Subroutine PREDIC

Subroutine PREDIC is called by the MULSIM executive routine. Its primary purpose is
to keep the sector track files current; i.e., when a target changes sectors it must be deleted
from the track file of the sector it has just left and added to the sector it has just entered.

Tracks are placed in track files according to the sector in which they are currently
located. For example, after the detections from sector J (see Fig. 2.7) are placed in the
appropriate detection files, the question arises as to which tracks are candidates for correla-
tion with these detections. This question is not answered immediately. The correlation
process takes place in sector (J-2) to account for delays in the system. However, before
attempting the correlation process an intermediate bookkeeping step is required to keep the
sector files current. The predicted positions of the tracks in the (J-1) sector file at the (J-1)
sector crossing time are determined to see if they are still located in sector (J-1). Adjust-
ments are made to the sector files to reflect any change in their position at this time.

Each ship maintains two sector track files, i.e., for each sector, each ship maintains
what is referred to as a dummy track file,* which is used for local purposes, and a multiple
platform track (MPT) file, which is used for communicating with other ships via the link.

*The dummy file is used for two reasons: (a) because there may be tentative tracks that have not gone out

over the link, and (b) because provisions must be made for the system degrading to a single unit.

24

=M1



NRL REPORT 8358
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/ X
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Fig. 2.7 - Locating tracks and detections

The first step taken by PREDIC in this process is to interrogate the dummy sector file
(DUMSX) to determine if there are any tracks in sector ISEC. If there are no tracks, control
is immediately returned to the executive routine. Otherwise the first track in the DUMSX
file is examined to determine if it is a track that platform IS is responsible for updating. The
X(I) file is next loaded with position and velocity coordinates from the XSMO(IJK)
tracking file. For those tracks that come from other platforms the position coordinates and
velocity components are run through the appropriate transformations by the TRANSF and
VTRANS subroutines.

The next step is to determine the predicted position of the track at a time correspond-
ing to the sector-crossing time (TMRK). The rectangular coordinates of the predicted posi-
tion are stored in the XYZDUM array and the predicted range, azimuth, and elevation are
stored in the RAEDUM array.

The bulk of the remaining logic in the subroutine is concerned with determining which
sector contains the predicted track position. If the track (NT) remains in sector ISEC, no
further action is taken. When the track has moved to a new sector, subroutine DUMDRP is
called to remove it from sector ISEC's track file, and subroutine DUMNEW is called to place
it in the track file of the new sector. This process is repeated until all the tracks in sector
ISEC have been considered.

Table 2.11 contains the variables used in PREDIC in the order of their appearance in
the program listing.
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Table 2.11 - Variables in PREDIC

For an Description
Vanable

ISEC, IR, IS The sector, radar, and platform under consideration

DUMSX(I,J) Array containing the identification number of the last
track to be placed in sector I dummy track file on
platform J

TMRK(IJ,K) Sector-crossing time; i.e., the time at which radar J on
platform K passes from sector I to sector I + 1.

TRKST(NT,IS) File linking dummy tracks and MPT tracks; contains the
MPT number of track NT from platform IS

PTFST(NT,IS) File containing the platform number of the platform that
is responsible for updating track NT from platform IS's
dummy track file.

XSMO(IMT,KS) Smoothed position and velocity coordinates of track MT
that reside in platform KS's MPT file

I = 1, x-coordinate; I = 2, x-coordinate
= 3, y-coordinate; = 4, y-coordinate
= 5, z-coordinate; = 6, z-coordinate

XYZDUM(NT,I,IS) Predicted rectangular position coordinates of track NT
from platform IS's dummy file

I = 1, x-coordinate
= 2, y-coordinate
= 3, z-coordinate

RAEDUM(NT,I,IS) Predicted range, azimuth, and elevation of track NT with
respect to platform IS's stabilized coordinate system.

I = 1, range
= 2, azimuth

= 3, elevation

2.3.2 Subroutine CORRAS

2.3.2.1 Introduction

Subroutine CORRAS is called by the MULSIM executive routine. The primary purpose
of the CORRAS subroutine is to identify those detections from a designated radar/platform
that correlate with the tracks in a designated sector and to resolve conflicts that might arise
when more than one track is correlated with the same detection. The latter function is
referred to as the association process. A macro flowchart outlining the procedure adopted to
correlate and associate detections with a group of tracks from a given azimuth sector is
shown in Fig. 2.8.
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Basically what is involved in the correlation process is the selection of detections in
some geometrical area surrounding a predicted track location. These detections are then
ordered according to a previously defined statistical distance to the track under considera-
tion and are stored in a retrievable file for use in the association process.

The association process is concerned with resolving conflicts that occur during correla-
tion. Conflicts occur when two or more tracks have the same detection at the top of their
detection files. The association process resolves these conflicts by comparing statistical
distances.

2.3.2.2 The Correlation Process

The actual correlation process is preceded by the selection and location of tracks. This
is detailed in Fig. 2.9. The track number (NT) at the top of the dummy sector file is selected
to begin the process. The range bin (JRNG) that contains the predicted position of the track
is then determined, and this is used to correlate the track with detections in its range-
azimuth bin and in all adjacent range-azimuth bins; i.e., nine range-azimuth bins in all are
considered. After the association process the next track in the sector dummy file is selected
and the process is repeated until there are no tracks left to be considered in the sector
clutter file (NT = 0).

The correlation process begins by considering the detections located in azimuth-range
bin (I-I, J-1). See Fig. 2.10. The detection numbers of the detections from each range-
azimuth bin have been placed in linked files. The first detection number (IDETNO) for bin
IJ is obtained from LSTBIN (IJ,IRAD,ISHIP). When a value of zero is obtained from this
file, it is an indication that there are no further detections to be considered in bin IJ. As
each detection is drawn from the LNKBIN file, the statistical distance between the detec-
tion and the track under consideration is determined by subroutine COVOWN. This is used
to order the detections in a sequential file IRADET(J), with the detection number having
the smallest statistical distance placed in IRADET(1). This process is repeated for all adja-
cent bins and for the bin that contains NT. The net result is two sequential files:
IRADET(J) containing the ordered detection numbers and SDIST(J) containing the ordered
statistical distances. The number of detections (K) correlating with NT is also recorded. The
sequential files are not tagged with an identifier relating them to NT because these values
will be placed in a linked file during the association process, thereby allowing greater
flexibility in retrieval and storage. The correlation process is detailed in Fig. 2.9.

2.3.2.3 The Association Process

The association process begins with placing the statistical distances and detections,
which have been correlated with the track under consideration, in linked files. The detection
numbers are placed in ISTOR(LOC) and the statistical distances in SD(LOC). The detections
are located in these files with a pointer DETSX(LOC). This gives the location (LOC) of the
correlated detection that has the smallest statistical distance to the track under considera-
tion. The location of the detection with the smallest statistical distance is found from the
link DETID(LOC), i.e., DETID(LOC) contains the location of the detection that follows the
one found in LOC. As detection numbers and statistical distances are fed into the ISTOR
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J1 SECTOR I- I

RANGEBIN JAZIMUTHRANGEBIN ~SECTORI

SECTOR I + 1

Fig. 2.10 - Azimuth-range bins

and SD files, locations in these files are provided by the NEWLOC subroutine. Flowcharts of
the NEWLOC subroutine and the association process are found in Figs. 2.11 and 2.12
respectively.

SENTER

F 2. u LASTO = LOC
FULSTO = FULSTO + I

NEXTO = LISTO ILOQ)
LISTTO ILOC) =f 512
FULSTO =f FULSTO - i

Fig. 2.11 -- Subroutine NEWLOC

After the correlated detections and statistical distances have been placed in the linked
files, it is possible to proceed with the resolution of conflicts. This begins with the selection
of the first detection number (IDETNO) from the linked file. For each detection there is a
one-to-one relationship with some track. This is established through the use of the TRATG
file. If TRATG(IDETNO) is zero, it means that a relationship has not previously been estab-
lished between IDETNO and some track. In this case TRATG(IDETNO) is assigned the
value NTA. If TRATG(IDETNO) has been previously assigned another track number (NTT),
this means that a conflict exists. The conflict is resolved by comparing statistical distances.
If the statistical distance between NTA and IDETNO is less than that between NTT and
IDETNO, then TRATG(IDETNO) is assigned the value NTA, and the next detection in the
linked file of detections that correlated with NTT is examined for a possible conflict with
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other tracks. This process will continue until a one-to-one relationship is established
between a track and a detection or there are no more detections left in a linked detection
file. If the statistical distance between NTA and IDETNO is not less than that between NTT
and IDETNO, the process reverts to the next detection in the linked file associated with
NTA and again an attempt is made to establish a one-to-one relationship. As each conflict is
resolved, the location of the detection which correlated with the track having the larger
statistical distance is made available for future storage in the ISTOR and the SD file. This is
accomplished by calling the NEWLOC subroutine with IDRP set equal to zero.

When all tracks in the designated sector have been correlated with the given detections
and all conflicts have been resolved, the process is complete.

The Fortran variables used in CORRAS are listed in Table 2.12.

Table 2.12 - Variables in CORRAS

Fortranorranle Description
Variable

ISHIP, ISEC, IRAD Platform, sector, and radar under consideration

DUMSX(I,J) Array containing the trade number of last track to be
placed in platform J's Ith sector file.

DETSX(NT) Array that identifies the locations in the ISTOR and SD
files that contain the ID number and the statistical
distance to tract NT of the detection with the smallest
statistical distance to NT

DETID(LOC) Linking device that gives the location of detection and
statistical distance that is next smaller than the one found
in LOC

NT Track number

JRNG Range-bin identifying number

RAEDUM(NT,I,K) Predicted range of track NT from platform K's dummy
track file

RNGDIM(ISHIP, Range dimension assigned to range bins associated with
IRAD) radar IRAD on platform ISHIP
LSTBIN(IJ,KM) Array containing identification number of last detection

made in range bin J of sector I by radar K on platform M
LNKBIN(IJK) Linking device containing the number of the detection

that was made prior to detection I and is in the same
range bin as detection I. J and K represent the radar and
platform number, respectively
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Table 2.12 (Concluded) - Variables in CORRAS

Fortran Description
Variable

SDIST(NN) Array containing statistical distances from track under
consideration to all the detections that are correlated
with it. SDIST(1) is smallest.

IRADET(NN) Array containing detection numbers of detections that
are correlated with track under consideration.
IRADET(J) corresponds with SDIST(J).

DUMID(NT,ISHIP) Linking device containing the track number of the track
that was placed in sector track file prior to track NT

ISTOR(LOC) Linked file containing detection numbers of correlated
detections. Similar to IRADET temporary file. Accessed
by DETSX pointer and DETID linking device.

SD(LOC) Linked file containing statistical distances between
detection in ISTOR and track designated by DETSX.

TRATG(ID) Flag indicating status of detection ID

TRATG(ID) = 1; detection has been correlated with
some track.

TRATG(ID) = 0; detection has not been correlated
with any track.

IDRP Flag for subroutine NEWLOC

IDRP = 1; find a new location
IDRP = 0; vacate location

2.3.3 Subroutine COVOWN

Subroutine COVOWN is called by subroutine CORRAS. Its primary purpose is to pro-
vide the KALMAN subroutine with the measurement covariance matrix in the stabilized
coordinate system of the tracking platform. If the tracking platform is not the detecting
platform, the calculations are made by subroutine COVLNK, which is discussed in section
2.3.4. The measurement covariance is used by KALMAN to determine the statistical dis-
tance from the detection to the target.

The subroutine is presented with the standard deviations of the range, azimuth, and
elevation. It is assumed that there is no cross-correlation between the three measurements,
hence, the covariance matrix as represented by the standard deviations is diagonalized. Since
the measurements are made in the deck-plane coordinates, it is COVOWN's task to trans-
form this matrix to the stabilized coordinate system of the tracking platform. Because the
deck-plane coordinate system is continually in rotational motion with respect to the stabi-
lized coordinate system, this procedure must be carried out each time a statistical distance is
requested by CORRAS.
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The process can be represented mathematically as follows: the position vector in the
deck-plane coordinates can be expressed as a truncated Taylor's series

x -[ ax/aR ax/aI7 axIa&l Nr

[1 T + ay/aR ay/a7 ayla [ NI(
Z az/aR azfaq az/a L No

where
where is the mean or true position of the target in the platform's

deck-plane coordinate system

(x, y, z) is the target position vector in the platform's deck-plane
coordinate system, based on measurements made at the
platform

(ax/aR,ax/1a, etc.) are the partial derivatives of the components of the position
vector with respect to changes in the measurements made at
the platform

(Nr, N, Na) represent noise in the measurements made by the platform's
radar

(R, 7?, a) represent the range, elevation, and azimuth measurements
made by the platform.

If vector matrix notation is used, Eq. (2.3.1) may be rewritten as

X=X+AN. (2.3.2)

The deck plane coordinates can be transformed from the stabilized coordinates by the

H(I,J) and P(I,J) matrices. The H matrix accounts for the platform's heading and the P

matrix accounts for the platform's pitch and roll. This can be expressed as

HPX = H'P(X + A'N) (2.3.3)

or

H-P(X - X) = H.P.A .N. (2.3.4)

The left side of Eq. (2.3.4) represents the measurement error in the stabilized coordinate
system and it is the covariance of this quantity that is required; i.e.,

cov(M) - E(H'P'A'N N -A P )
or (2.3.5)
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This is represented by the _OVY(I,J) matrix in the listing; the product H" P A is given by
the (AJS(I,J) matrix, and N - 1Vr is the diagonalized covariance represented by the standard
deviations in range, azimuth, and elevation measurements.

The covariance matrix, the time at which the detection was made, the track with which
is has been correlated, and the measured stabilized coordinates of the detection are pre-
sented to the KALMAN subroutine which determines the statistical distance. This completes
the process and control is returned to CORRAS. A flowchart of the process and a list of
Fortran variables are in Fig. 2.13 and Table 2.13, respectively.
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Table 2.13 - Variables in COVOWN
Fortran Description
Variable

IRAD Number of radar making detection

ISHIP Number of platform making detection
IDETNO Number of detection under consideration

NT Number of track that correlates with IDETNO
SD Statistical distance

ISEC Sector in which detection was made

MT Multiple platform track number corresponding to NT
TRKST(IJ) File that contains MPT number of dummy track I

from platform J
PTFST(I,J) File that contains platform number of the platform

that is tracking dummy track I from platform J
SHD(I) Current heading of ship I
H(IJ) Array that accounts for platform's heading in

coordinate transformation
P(I,J) Array that accounts for platform's roll and pitch in

coordinate transformation
ROLL(J), PITCH(J) Current roll and pitch of platform J

ELND(IT,ISHIP, Noisy deck-plane measurements of target IT as madeAZND(IT,ISHIP,IRAD) by IRAD on platform ISHIP.
RNND(IT,ISHIP,IRAD)
A2(IJ) Array of partial derivatives of Ith component of

position vector with respect to Jth component of
measurement

COVM(IJ) Measurement covariance matrix

COVMS(N,I,JK,L) Measurement covariance matrix associated with
detection N, radar K, and platform L

XYZMS(I,J,K,L) Measurement position vector of detection I, radar K,
platform L

KFLAG Indicator that tells KALMAN that call is for statistical
distance calculation (KFLAG = 2) or updating
(KGLAG = 1)

TMS(I,J,K) Time at which detection I was made by radar J on
platform K

TIMLNK(I,J) Time at which track I was last updated by platform J
XSMO(IJ,K) Smoothed position vector of track J as determined by

platform K

37



GRINDLAY

2.3.4 Subroutine COVLNK

Subroutine COVLNK is called by subroutine COVOWN and subroutine UPDATE.
When the tracking platform is not the detecting platform, COVLNK is called to produce the
measurement covariance matrix in the tracking platform's stabilized coordinate system. The
measurement covariance is used by KALMAN to determine the statistical distance from the
detection to the target.

As with COVOWN the problem is to transform the measurement covariance matrix to
the stabilized coordinate system of the tracking platform. The process is further compi-
cated by uncertainties in the relative location of the two platforms. Mathematically it can be
represented as follows: the position vector with respect to the supposed location of the
tracking platform's origin is given by

X 2 + T [S 1 + AX 1 ] + U (2.3.6)

where Y and V are rotational and translational matrices, respectively. l is e location
of the target in the detecting platform's stabilized coordinate system and AX1 represents
the inexact location of the detecting platform. The position vector of the target in the
tracking platform's stabilized coordinate system is given by

S = X 2 -X2 (2.3.7)

= T [S 1 + "I 1 ] + U-AX 2  (2.3.8)

= T [HP-D+ AY + AY 1 ] + U- AX 2  (2.3.9)

where H and P are defined as in COVOWN and *1 is the position vector of the target in the
detecting platform's deck-plane system. The stabilized position vector (§2) can also be
expressed as a truncated Taylor's series
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N (2.3.10)
n1

N
a 1

NAx2

NAy2

NAz2

or

So = S2 + A N (2.3.11)

and

s2 - = (2.3.12)2 2

where the elements of A are found from differentiating Eq. (2.3.9). The left side of Eq.
(2.3.12) represents the error in the position of the target in the tracking platform's
stabilized coordinate system. Errors are induced by inaccurate measurements from the
detecting platform and the inexact locations of both platforms. It is the covariance of this
quantity that is needed for determining the statistica, distance and updating, i.e.,
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coy (M) =E (A.N.NT-TAT) (2.8.13)

or

= A-NTAT (2.3.14)

which is represented by the COVM(IJ) matrix in the program listing and NNrT is the
diagonalized covariance matrix represented by the standard deviations of measurements
and platform locations. The covariance matrix is returned to COVOWN or to UPDATE for
the KALMAN subroutine. The Fortran and variables not used in COVOWN are listed in
Table 2.14.

Table 2.14 - Variables Not Used in COVOWN

Fortran Description

Variable

KS Detecting platform

ID Detection number
IR Radar number of radar making detection
JSHIP Tracking platform
SLAT(I), SLOG(l) Current latitude and longitude of platform I
T(I,J) Transformation matrix for transforming from one

platform's stabilized coordinate system to another
A(IJ) Array of partial derivatives as defined in Eq. (2.3.10)
N(I) Standard deviations of noise in measurement and

platform positions

2.3.5 Subroutine KALMAN

Subroutine KALMAN is called by subroutines COVOWN to provide statistical distance
information and by subroutine UPDATE to update the estimate of the state vector of a
given track. The smoothing and estimation process is performed by a Kalman filtering
algorithm similar to the 2D algorithm described in Ref. 3. The state equation in the tracking
platform's stabilized coordinate system is given by

X(t + 1) o (t) X(t) + r(t) A(t) (2.3.15)
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where

x(t) 1 T 0 0 0 0

x(t) 0 1 0 0 0 0

X(t) y(t) 0(t) 0 0 1 T 0

y(t) 0 0 0 1 0 0

z(t) 0 0 0 0 1 T

z(t) 0 0 0 0 0 1

hT2  0 0

T 0 0

0 WVT2  0 ax a(t)1
l"(t) = and A(t) = j

0 T 0 ay(t) (2.3.16)

0 0 IhT 2  a,(t) J

0 0 T

with X(t) being the state vector at time t consisting of position and velocity components
x(t), k(t), y(t), (t), z(t), and i(t), t + 1 being the next observation time, T being the time
between measurements, and ax (t), ay (t), and a, (t) being random accelerations whose
covariance matrix is Q(t). The observation equation is

Y(t) = M(t)X(t) + N(t),

where

Y(t) (t) , M(t) -0 0 1 0 0 0 andN(t) = (t) (2.3.17)

Lm,(t) 0 0 0 0 1 V(t)

with Y(t) being the measurement at time t consisting of positions xm (t), zm (t), and Ym (t);
and N(t) being zero mean noise whose covariance matrix is R(t), provided by COVOWN or
COVLNK.

41

II



GRINDLAY

The problem is solved recursively by first assuming that the problem is solved at time
(t - 1). Specifically it is assumed that the best estimate X (t - 1i t - 1) at time (t - 1) and
its error covariance matrix P(t - 11 t - 1) are known, where the circumflex signifies an
estimate and X (t I8) signifies that X(t) is being estimated with observations up to Y(s). The
six steps involved in the recursive algorithm are as follows:

Step 1. Calculate one-step prediction

X(tit - 1) = 0(t - 1)i(t - lit - 1) (2.3.18)

Step 2. Calculate the covariance matrix for one-step prediction,

P(tlt - 1) = o(t - 1)P(t - lit - 1)4(t - 1) + r(t - 1)Q(t - 1)l(t - 1) (2.3.19)

Step 3. Calculate the prediction observation

i(tlt - 1) = M(t)X(tit - 1) (2.3.20)

Step 4. Calculate the filter gain

A(t) = P(tlt - 1)R (t) [M(t)P(tlt - 1)7/(t) + R(t)] -1(2.3.21)

Step 5. Calculate a new smoothed estimate

(tlt) = X(tlt - 1) + A(t) [ Y(t) - i(tit - 1)] (2.3.22)

Step 6. Calculate a new covariance matrix

P(tlt) = U - A(t)M(t)lP(tit - 1). (2.3.23)

In summary, with an estimate X(t - 1i t - 1) and its covariance matrix P(t - I t - 1), after
a new observation Y(t) is received and the six quantities in the recursive algorithm are cal-
culated, a new estimate X (t I t) and its covariance matrix P(t I t) are obtained.

For each track, the first two passes through KALMAN are used to initialize the filter.
On the first pass the smoothed covariance is approximated by setting the appropriate ele-
ments equal to the measurement covariance matrix. On the second pass the definition of the
smoothed covariance matrix, the current measurement covariance, and previous smoothed
covariance and the time step are used to determine the elements of the new smoothed
covariance matrix. When KALMAN is called for statistical distance before the first two
passes are complete, the statistical distance is arbitrarily assigned a value of 10. The statisti-
cal distance as calculated by the model is the squared Mahalanobis distance (2] from the
smoothed track position to the predicted track position plus the Mahalanobis distance from
the smoothed position to the measured position. The Mahalanobis distance differs from the
Euclidian distance in that a covariance matrix kernel is used instead of the identity matrix.

The Fortran variables equivalent to the algebraic variables used in Eqs. (2.3.18)
through (2.3.23) are listed in Table 2.15.
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Table 2.15 - Variables in Recursive Algorithm of Eqs. (2.3.18) to (2.3.23)

Fortran

Variable

XP(I) Predicted state vectorX (.t t - 1)

ZM(I) Measurement vector Y(t)

PS(IJ) Smoothed covariance matrix P(t I t)

COVM(I,J) Measurement covariance matrix R(t)

TDEL Time between measurements T

H(IJ) Matrix M(t) from observation Eq. (2.3.17)
WT(IJ) Filter gain At

PHI(Ij) State transition matrix 0(t - 1)

PP(I,J) Predicted covariance matrix P(t I t - 1)

COVS(I,J) Covariance of random accelerations Q(t)

G(J,K) State transition matrix r(t - 1)

XS(I) Smoothed state vector X (t I t)

2.3.6 Subroutine SORT

Subroutine SORT is called by the MULSIM executive routine. Its primary purpose is to
sort the detections associated with the tracks in a given sector into three distinct categories:
those associated with tracks from participating platforms, those associated with tracks from
the detecting platform's file, and those associated with tracks that another platform is
responsible for updating.

SORT is presented with a designated platform, sector, and radar. The detections
associated with each track in the sector file are processed according to which category the
track falls into. If the track is a participating platform no further processing is required since
platform updating is not dependent on radar detections; however, it is proposed in the
future to use the detections of platforms to develop a bias removal scheme. If the track is
assigned to another platform, the detecting platform's roll, pitch, and heading are placed in
files for transmission over the link, and a random delay is added to the detection time to
produce the time at which the detection information will be sent over the link. This
information is next used by the contact selector subroutine (TIMCON) to select contacts
for transmission over the link. Last, if the track is assigned to the detecting platform, the
linked TESTO file is loaded with information for accessing the detection files. TESTO con-
tains the identification number of all detections that have recently been associated with
the track under consideration.

When all tracks in the sector track file have been considered, control is returned to the
executive routine. A flowchart of the process and a list of Fortran variables are found in
Fig. 2.14 and Table 2.16 respectively.
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Table 2.16 - Variables in SORT

Fortran De ti

Variable escripon

ISEC, ISHIP, IRAD Sector, platform, and radar under consideration

DUMSX(ISEC,ISTOP) Array that contains the track number of first track in
platform ISHIP's sector track file

DETSX(NT) Pointer that provides location of detection information
on detection that has been associated with track NT

ISTOR(LOC) File containing the number of the detection associated
with track NT. LOC is provided by DETSX.

PTFST(NT,ISHIP) Number of the platform responsible for updating track
NT from ISHIP's dummy sector file

TRKST(NT,ISHIP) Number of MPT track that corresponds to track NT from
ISHIP's dummy sector file

ROLL(I)
PITCH(I), SHD(I) Current roll, pitch, and heading of platform I

TMS(I,J,K) Time of detection for detection I in platform K's Jth
sector

TESTO(LOC,I) Linked file containing numbers of the detections associ-
ated with track NT. File also contains respective platform
and radar numbers

I = 1; detection number
= 2; platform number
-3; radar number

FILFX(NTI) Pointer for accessing TESTO file. Gives location of last
detection number, etc., to be associated with NT from
platform I's dummy to be sector file

FILID(LOC) Linking device that links locations of all of the detections
associated with track NT

2.3.7 Subroutine TIMCON

Subroutine TIMCON is called by subroutine SORT. Its primary function is to act as a
rudimentary contact selector; i.e., it decides which of the many detections should be
selected f,3r transmission over the communications link. This is accomplished by dividing
time into 1-s intervals and defining five intervals as a time slot. When a target is detected, a
flag (ISLOT) that identifies the associated track, the platform, and the time interval is
changed from zero to one. When additional detections are considered, the time interval flags
are examined. If a previous associated detection has been transmitted in the current time
interval or in the four previous time intervals (which totals one time slot), then the detec-
tion is rejected. For those detections selected for transmission, the LNKSTO file is loaded
with the detection number, the detecting platform's number, the detecting radar's number,
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the MPT number of the associated track, and the updating platform's number. The

LNKSTO file is used in the updating process to identify the detections that are candidates

for updating a specified track.

This first-come-firsterved type of selector is obviously not the optimum contact

selector. Other selectors are being considered and will be installed in the future. A flowchart

of the process and a list of Fortran variables are found in Fig. 2.15 and Table 2.17

respectively.
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Fig. 2.15 - Subroutine TIMCON
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Table 2.17 - Variables in TIMCON

Fortran Description
Variable Description

IDETNO Number of the detection under consideration
MT Number of the MPT track associated with IDETNO

KS Platform responsible for updating track MT
IS,IR Platform and radar making detection IDETNO

ISEC Sector containing track MT
SDIST Statistical distance between MT and IDETNO
FULLNK Counter that keeps track of the number of detections in

LNKSTO file
TMS(ID,IR,IS) Detection time of detection ID, from radar IR on

platform IS

TMRK(ISEC,IR,IS) Sector-crossing time at sector ISEC
ITIME Detection time truncated to an integer

MOD60 ITIME modulo 60 s

ISLOT(MT,KS,I) Time slot I for track MT from platform KS

LNKFSX Pointing device for accessing LNKSTO file
LNKID(LOC) Linking device that links locations in LNKSTO

LNKSTO(LOC,I) Linked file containing identification information on
associated detections that are being sent over the link

I - 1; detection number
2; detecting platform's number

- 3; detecting radar's number
- 4; MPT number of associated track
- 5; updating platform's number

2.3.8 Subroutine LNKDET

Subroutine LNKDET is called by the MULSIM executive routine. Its primary purpose
is to chronologically order the detections associated with the tracks in the sector track file
designated by the sector/platform in the calling sequence. This includes detections made by
the updating platform and those provided by other platforms via the communications link.

LNKDET first interrogates the LNKSTO file, which contains all of the detections
transmitted over the link in the last 30 s. Those detections associated with tracks from the
updating platform (regardless of which sector the track may be in) are selected and stored
in the TESTO linked file, which, for each track, contains the detection numbers, the detect-
ing platforms, and the detecting radars corresponding to those detections associated with
the track that have not yet been used to update the track. After storing the detections in the
TESTO files, the locations that housed the detections in the LNKSTO file are vacated.
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The next step in the process is to consider each track in the sector designated in the
calling sequence. The detections associated with each track are called up from the TESTO
file and their locations in TESTO are placed in the ILOC sequential file according to their
times of detection. The location of the detection with the oldest detection time is placed at
the top of the file, i.e., ILOC(1). The locations in the TESTO file are vacated in the
UPDATE subroutine only after the detections are used in the updating process.

The ordered sequential file (ILOC) is presented to UPDATE for the updating proce-
dure. This process is repeated until all tracks in the designated sector have been considered,
whereupon control is returned to the MULSIM executive routine. Table 2.18 defines
variables used in LNKDET; Fig. 2.16 shows the flowchart for the subroutine.

Table 2.18 - Variables in LNKDET

Fortran Description
Variable

ISHIP, ISEC, IRAD Platform, sector, and radar to be considered for updating
process

DUMSX(ISEC,ISHIP) Number of the last track to be placed in platform
ISHIP's dummy track file

LNKFSX Location of last associated detection to be placed in
LNKSTO file

LNKSTO See Table 2.17.

DUMST(KS,MS,IS) Number of the track platform IS's sector track files that
corresponds to track MS from platform KS's MPT files

TRAN(ID,IR,IS) Time at which platform IS transmitted data on detection
ID

TMRK(ISEC,IR,IS) Sector-crossing time for sector ISEC, radar IR on
platform IS

TMS(ID,IR,IS Time at which platform IS detected detection ID with
radar IR

TLAST(NT,IS) Time at which track NT from platform IS's dummy track
file was last updated

TESTO(LOCC,I) See Table 2.16.

FILFX(NT,ISHIP) See Table 2.16.

FILID(LOC) See Table 2.16.

PTFST(NT,IS) Number of the platform responsible for updating track
NT from platform IS's dummy track file
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Table 2.18 (Concluded) - Variables in LNKDET

Variable Description

TRKST(NTIS). Number of the MPT corresponding to dummy track NT

MPFLAG(MTKS) Indicator - MPFLAG = 0 indicates that track MT is not a
participating platform, otherwise MPFLAG is assigned a
value equal to the target number corresponding to the
platform

DUMID(NT,IS) Number of the track that was placed in platform IS's
dummy track file prior to track NT

2.3.9 Subroutine UPDATE

Subroutine UPDATE is called by subroutine LNKDET to carry out the updating
process for NT, a designated track. There are two separate paths through UPDATE. One
path is followed when NT is a participating platform with position updatks coming from
NAVSTAR or JTIDS, and the other is followed when a target is being tracked from radar
measurements.

For those tracks that are of participating platforms, an attempt is made to emulate the
operation of a system that includes NAVSTAR or JTIDS. Updates to participating plat-
forms are made every 2 s and, to allow for time lags in the system, to within I s of current
time. Once it has been determined that an update has not been made within the last 2 s, a
call is made to SHPGEN and SCOORD to determine the platform's position at current time
less 1 s. Because of the relative accuracy of JTIDS and NAVSTAR, the true stabilized coor-
dinates are used as measurements, and the measurement covariance matrix is arbitrarily set
with diagonal elements of 100 m2 and off-diagonal elements of 0.1 M 2.This information is
presented to KALMAN for the platform updating.

For those tracks that are not of participating platforms, the first step in the process is
to examine the list of associated detections in the TESTO file. To allow for delays in proc-
essing, the subroutine considers only those detections that were made before TIMUP.
TIMUP is equal to current time less some appropriate delay (TIMLAG). The detections are
selected chronologically from the TESTO file (oldest first). The corresponding noisy
measurements are called up from the XYZMS file and if the detecting platform is not the
updating platform, the measurements are transformed to the updating platform's stabilized
coordinate system by the TRANSF subroutine. This transformation is also carried out for
the true position coordinates, and the measurement covariance matrix is transformed by the
COVLNK subroutine. The measurements, together with the time from the last update, are
presented to KALMAN, which determines the new smoothed position for the track. After
the last detection is considered, the smoothed state vector, the smoothed covariance matrix,
and the predicted covariance matrix are stored in arrays for the next call to update.
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This completes the updating process for track NT, and control is returned to the
LNKDET subroutine. A flowchart of the process and a list of Fortran variables are found in
Fig. 2.17 and Table 2.19, respectively.
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Table 2.19 - Variables in UPDATE

Fortran DescriptionVariable

NT Track number of updating candidate.

ISEC, IRAD, ISHIP Sector containing NT, the radar that detected NT, and
the detecting platform

K Indicator K 999 indicates that NT is a participating
platform; if K 1t 999, then K equals the number of detec-
tions that have been associated with NT.

TRKST(IJ) File that contains the MPT track number of dummy track
I from platform J's dummy track file

TMRK(I,J,K) Time at which radar J on platform K crosses sector I

TIMLAG Time lag to allow for processing/transmission delays

TIMUP Current time less TIMLAG. Track NT will be updated to
TIMUP but not beyond.

XS(I) Smoothed state vector

PS(I,L) Smoothed covariance matrix

TESTO(ILOC(J),K) See Table 2.16.

IDTA(IDIR,IS) File containing target number of detection ID
from radar IR on platform IS

XYZMS(ID,J,IR,IS) Measurement coordinates of detection ID in platform IS's
stabilized coordinate system

TLAST(NT,ISHIP) Time of last update for track NT

XYZTRU(ID,J,IR,IS) True position coordinates of detection ID in platform
IS's stabilized coordinate system

XSMO(IMTIS) Smoothed state vector of track MT from platform IS's
MPT file

TMS(ID,IR,IS) Time at which detection ID was detected by radar IR on
platform IS

MPFLAG See Table 2.18.

IFIRST(MT,IS) Counter that records the number of calls to UPDATE for
track MT

RG(I,J),AZ(IJ) Range, azimuth, and elevation of target I with respect to
EL(I,J) platform J in platform J's stabilized coordinate system

COVM(IJ) Measurement covariance matrix

COVSMO(I,J,MTIS) Error covariance for track MT

PRECOV(I,JMT,IS) Predicted covariance for track MT
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3.0 SUMMARY AND RESULTS

A computer simulation has been developed that will serve as a foundation for future
software development and at the same time allow the user to demonstrate the advantages
and limitations inherent in a multiple platform sensor integration system.

Some preliminary results have been generated through the use of a simplified scenario
used in program development (see Fig. 3.1). In the scenario three ships are moving due east
near the equator. They are separated by 1 in latitude (60 nni.) or longitude, and a single
target is approaching from the east at 1000 m/s. Each ship has a single radar. The measure-
ment accuracies of all three radars are modeled by assuming standard deviations of 100 m
on the range measurement, 0.50 in the azimuth measurement, and 1 in the elevation
measurement. The radar on ship 1 has a 4-s scan rate and the radars on ships 2 and 3 are
scanning at a 6-s rate.

10

SHIP 2 SHIP 3

60nmi.

y
1,000m/s

0* X = 4

SHIP I
60n.mi.

Fig. 3.1 - Simplified scenario (initial positions)

An example of a single ship's tracking capability over a 100-s time interval is shown in
Fig. 3.2. In this case the measured and smoothed y coordinate of the target as determined
by ship 1 is presented. Since the y measurement as determined by ship 1 is essentially an
angular measurement, it does not have the accuracy associated with a range measurement;
consequently the measurement tends to be quite noisy.

When measurements from ship 2 are combined with measurements from ship 1 to pro-
duce the smoothed y position, there is significant improvement in the system's tracking
accuracy, as shown in Fig. 3.3.
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GRINDLAY

SMOOTHED TRACK

0

o -- 40 100 10 120 'U130 140 VAi
0 - TIME (SEC)

Wo .U
z

MEASUREMENTS
S SHIP I.-

SHIP I TARGET

Fig. 3.2 -One-ship system; track of targlet's y coordinate

The improvement is less pronounced when ship 3 makes its contribution. However, it

should be noted that initially the y coordinate as determined by ship 3 is essentially a range
measurement that is very accurate. Tis is apparent in Fig. 3.4 as evidenced by the Impg
number of detections from ship 3, which initially lie close to the true position. These
accurate detections, together with the increased data rate, enable the 3-ship system to
produce a highly accurate track in a relatively short time. The accuracy of ship 3's
y measurement decreases with time, whereas that of ship 2's improves as the target
approaches ship 1.

Results have also been -nerated with a rudimentary contact selector that rejects track
measurements when a previous measurement has been made within some deignated time
slot. Time slots of 3 and 5 a have been used with a 3-hip system to generate the results
shown in Figs. 3.5 and 3.6. The results are encouraging. The 34s time slot, with a 25%
reduction in the number of detections, shows little degradation of track q ity, and the 5
time slot with a 43% reduction gives track quality comparable to that of a 24hip system
with no contact selector.
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0

+ SMOOTHED TRACK
4+

U. TM SC

MEASUREMENTS SHIP 2
* tSHIP II
*SHIP 2

SHIP I TARGET

Ig. 3.8 - Two-ohip syitem; track of target's y coordinate
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U)
x ~SMOOTHED TRACK0

+ +C

0 + X

60 7Y80

C3.

MEASUREMENTS
* SH IP ISHIP 2 SHIP 3 0
+ SHIP 2
0 SHIP 3

~4~s -~4 - X
SHIP I TARGET

Fig. 3.4 -Three-.hlp system; no contact selector. Track of target's y coordinate

60



NRL REPORT 8358

* /-SMOOTHED

< ; /TRACK

" LL'¢ TIME (SEC) -
"

w
z

tj Y

SHIP 2 HI
o SHIP S x

SHIP I TARGET

Fig. 8.5 - Three-ship system with 3-s time dlot; track of target's y coordinate
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GRINDLAY

!2

x MOTEDTRC

C-)
z

MEASUREMENTS
* SHII
+ SHIp 2 SHIP 2 SHIP 3
* SHIP 3

______ -X

SHIP I TARGET

Fig. 3.6 - Three-ship system with 5-s time slot; track of target's y coordinate
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Appendlix

PROGRAM LISTINGS

SOURCE LISTING

STATEMENT

PROGRAM PAIN
COtmmON/PLOT/IPLT(l00000),00CIO),VYC0f0)NPPYYNIt00flIYIS(IO00)
COMMON4/MaDULOdISLOT C2O,5,6o) ,IKEY C3),IMOrD2o, ImfDbO
CAI'MNRANEXISECTIM3,)TMNE(3,)NEXSC(35,.NR(,,NS*NT
COM'4NjNE~iAZ(20.20).qGC20,20).EL(200l0)
CMMMON/DATEUP/NUMTRG,NLMSNP
COMMON1SECTOR/KSEC CbM.5)
CALL PISTeP
CALL PLOTSCIPLT.1000,O.55)
NP a I
PRINT 300

300 FRAT(t,15X,#TTmE.,7x.*'iX,''*2,'V,2.Z,1K V'
IIIXP'VY't,1~IX'VZ'.,X'P ATPORM')
TIPE a 0.
KNIT a I
CALL INITAL
NUMSM.P v NS
NUWYAG a NT
NTS a NT+NS

19 CONTINUE
CALL TRKGEN(TIMEONT)
CALL SHPGFN(TImF,NSj
CALL MMTIONCTIME1 NS)00 20 JulNS
CALL SCMORDCNT.NS.J)
CALL TCOeIRD(NT.J)
CALL STABI(NT.NS,J)

20 CONT1NUE
CALL LeAD(tKNITTIME)
IF(KNIT.EQ.2) GO TA 3nl
KNIT a 2
TIME a I

GO TO 10
30 CMNTINUE

CALL NEXPAD(IRISHIPISECoTIME)
IF(KSEC(1SECpISMIP).NE.A) Gm TA 32
IF(MSEC(ISEr..t,ISHIP).NE.0, G1 TO 32
IFCKSEC(ISEC*l,ISI4IP).NF.0) Go Te 3;.
IF(KSECCISEC.2,ISHIP2.%E.0) GO TOt 32
IF(KSECCISEC*2,TSNTP).KF.0) GO TR 32
Gft TM 38

32 CONTINUE
DO 35 IsIobo
KSFCCI.ISMtIP) 2 0

3S CMNTINUE
CALL TQEGENCTIMlE,NT)

CALL S4PGENCTIMF*NS)
CALL MRTItN(Tj4f,NS)
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MAIN

CIN

0046 CALL SCOORDCNToNSoISHIP)
OOaq CALL TCOIAD(NY#TS4IP)

0450 CALL DETFIL(IROISI4IPOISEC#NT#NS)
0051 CALL STARICN?.NS.15141P)
o05 CALL NOISY(IRPISI4IP*ISEC)
o05 IF(TIME.LE. 1.1) GO TR 30
0054 36 CONTINUE
005! ISEC 2 I5CC-1
0056 IFCISEC.EO.O) ISEC264
0057 CALL PRE0ICC!SEC.!RISOIP)

0059 IP(TSEC.EQO) ISEC8b'I
0060 CALL CORRASCISHTPOISECtdR)
0061 CALL S6RT(ISFCv!SiNIPvIR)
0062 ITIM x TIIP[
0063 "0020 m M4D(1T10%YmO020)
0060 IF(MO02O.NE.0) GO TO 60
0065 "0060 a m~Of(ITImoImn~r60)
006L& IDEM 8 (MOD60iZO) + 1
0067 IF(!KEYCI0Em).NC.0) GO TO 60
0066 K a MeD60+ 20
0069 3 a MOD60+t
0070 D@ 55 IvJK
0071 nO 55 16.115
0072 DO 55 mTsI.20
0073 ISLOT(MT#t5#1) 2
0074 5S CONTINUE
0075 1NEYCZOEP) a 1
0076 IDEM x IDEm.1
0077 IF(IDEM.EG.4) tCEmz
0076 IKEYCIOLM) x 0
0079 60 CONTINUE
0060 CALL LNKDE.T(1SHI!P.ISEC,14)
0061 IF(T!P4E.LT.t50.) G1 TO 30
0062 NP a NP-I
0063 RETURN
0064 END
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CON

0001 SUBROUTINE INITAL
0002 ClM40NiLOCNEW/LASTFULSTB#LlSTS(256),NFXSTO*Kj
0003 CfMM0N/ijPnATE/IL"C (20),TIMLAG, TESTO9(512o3) .TLAST(256.5)

0004 COtMNITAGIVAGC20,305.ba)
0005 COMI4ONiCOVI.4 SIGAZD(20,2) ,SIGELO)(20,2) ,RiADC2Q.2)
0000 COtI0NiST AT IC01(9) N2(3 )
0007 CfMION,,(L11FIST(2005) , o!mIlIM2DfTM3
0006 COwMON/NPT/D!ROPC5).MPTN0(S)oFULLMIe5).LISTmCS.2O).

INFXTM(S)PLASTN CS)
0000 C0OP*4NiLCOETILASOET.FLLOETeLISflET(2S6)eNEXDET
0030 COO~LAXA(,o3,ZNT3SVL3S.N~m53
0011 COM'ONiDUM/D~ePO(S),DUPhOC5) DFULLDC5) .LISTDCS.512) .NFXTDC ().

IL ASTO (5
0012 COMMMNICAPqAS/OETSX(25b),ZST8R(256),OETID(SI2)
0013 COMON/SRTIFTLFX (2ri6.5) ,FLIO(532)

0010 C0fmMONRAONEXISECTIMC3.53,T1MNEXC3,5)9NEXSEC(3,S),KR(SJ .KSNT

0015 CMMMONPAR3/TILATC2O) .T LOG(20) ,?1HY c2f.TTV (20),?IHC (20)

0030 CMMMNlIPAR451LAT(203.SlLOtGC20),SIHT(2u).S1V(20).Sfln(20)
0017 CRMMIAN/PARS/ RIAG(2l),PtAG(20),W4PR(2O)DwMPC

2C)

001A COMMON/PAR?/ RILL (20) .PITCH(20) .RPHASE(203 ,PPMASE(20)

0019 CMMONLCLNKILASLNK,LLLNKLISLN((20).NEXLNN
0020 C~lMN/#(ALl/ P"I (20.20) .GC2'1.203 ,N(20p20)
0021 CM0MN/MO~OUL~iISL6?(2O#,A)9 IKEY(3),TMM0P2O.P'eO6O
0022 CjPMeNjRANl)UMj19ANC20fs)
0023 0rMENsION TVELC256),SVELCS)
0020 REAL N.N2
0025 INTEGER FILIO.FILFX.FULLmDPM,FULLCRP,ZP'1,O!M2,D103,FULLNK
0020 INTEGER DETSXVDET!DFULSTO
002? CALL SETVR(tl)
0026 1(3 a 0
0029 RhDR.017M53?9252
0030 DIM1 a 3
0031 01M2 a 6
0032 DIM3 a 0
0033 VIMLAG 0 2
00.34 LkI60CT !1 256
003S! NEXDET a 1
0036 RNGDIM(1al) a 10000.
0037 RNGOIM(2.1) a 10000.
0036 NCI3 a 35.
0039 N(2) a IS.

0041 N(A) a 100.
0042 N(s) a to
0043 N(6) 8 S5

0040 N(7) 2 t5.
004! NCS) 8 15.

O.UhNC91 x 20.
0047 N4C) 8 10o.

66



NUL REPORT 8858

INITAL

C SN

0048 N2(2) a1
0049 N()*.

050 N(S) a N(S)*RAD
0051 N(6) m NC6)*RAD
0052 N2(2) a N2(2)*A
0053 N2(3) a IN2(3)*RAD
0054 SIGAZD(2el) 3 .5
0055 SIGELDC2,1) 5 1.0
0056 RHODC2o1) a 100.
0057T 31GAZD(lvl)8S
0050 SIGELOCIol)uI.0
0059 RmO ,1)t0
0060 Do 't0 :INIzss
0061 L1SOET(I) 1+1?
0062 DETSXCZ) 9
0063 to CONTINUE
0064 DO 20 1.1,25k
0065 Do 20 Jul's
0066 FILFXCI@J) 8 0
0067 20 CONTINUE

0068 on 30 1810512
0069 FILID(I) 8 ft
0070 30 CONTINUE
0072 Do 2001OO 2

0073 IRANCI*J) a J.Sa(l.1)
0014 200 CONTINUE
0075 NS 2 1
0076 NS a 2
0077 NS a3
oozto .31GAZ.0c3&1J .9 *5
0079 SIGELDC3rl) * 1#0
000 RHOC3.1 a 100.
0081 £ZINTII3) 8 270,
0082 PYEL(1#3) 8 90.
9463 SILATM3 1.

Q085 81H7C31 I-

0086 SIIM03) 90.
0087 SVELM3 10.
0088 RNGOIMC3p1) 1 10000.
0089 Nft(3 0 1
0040 MT. a 1.
0091 NR(l) 8 1
0092 NRC2) 1 1
0093 AZINT(1#2) 2 90.
0094 AZINT(1.1) 8 0

0095 RVELC1,1) 8 90.
0096 H-YEL(-1.3 .B &0.
0097 00 40 JalNS
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INITAL

C 5W

0018 K oL NRCJ)
0099 08 00 !ul.K
0100 SECTIMCI.J) a 5.62S/RVEL(!.J)
0101 40 CONTINUE
0102, S1LAMt)m0.
0103 SIL00(l0u0.
0104. a1mTc1)vo.
0105 S!NOCI0u90.
0106 TILAT(1 a 0.1
0107 TZLAT(flsO.
0106 TILOGM4~1.
0109 TIHT(l).2000.
0110 TINDL()s-90.
0311 SILkTCZ)sI.
0112 SXLOM2)0.
0113 S!MT(2)80.
0114 S1M0C2)8qo.
0i1s TVEL(1)8300.
0116 !2VELC114100.
0117 TVEL(1) a 1000.
oils SVEL(11*10.
0119 SVEL(2)al0.
0120 ERN6378386.
0121 PRa63S9911.
0122 Qf.L R ER#ER
0323 02aPR*P4
0120 00 50 Iv1.NT
012S SIUSINCTILAYT)*RAD)
0126 C~vC13(T1LATC1)*RAD)
0127 RNOBSGRT c0t 02,colas!*SI,02*CA.CA,)
0126 RflOT;RHDT.TIMTC!3
0129 T1V(IDa(TVELCI)iR4OT)RAD
0130 So CONTINUE
0131 01 60 1zt.NS
0132 31RSIN(SILAT(T)*RAD)
0133 COxCeS(SILATCI3&4AVI
0134d RHuSmORT(glaQ2CC1*SI*SI+G2*CO*CO)I
013 RI405uRIOS+SIHTCI3
013* SIV(I)otSvEL(I)/RHOS)/RAD
0337 60 CONTINUE

C MOTION INPUTS
0138 Rt4AG(3)zC.
0339 PmAG(1)xC.
0140 WORCIIUO.
0141 WOPCM3u.
0102 RPHASE(1)so.
0143 PPwASECI)xo.
0144 RmAG(2)m0.
014S PMAG(2)80.
0146 WRlft22u0.
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114IT AL

COSN

0147 WOPC2)S0.
01456 RIPWASEM-0u.
0149 PPMASE(2)no.

C MPTPIL AND) DUIMFIL INITIALIZATION
0150 Do 70 In1.5
0151 LASTMCI) x20
0192 DROPMCI) wl
0453 FULLPMI a t9
0154 LASTP(l) a 20
0155 NFXTmCZ) at
0156 DO 70 J8l.19
0457 LISTP(I#J) a J*1
0156 7o CONTINUE
0159 DO 40 191.5
0160 DRePOCII a t
0161 LAMTMI a 512
0162 FULLDCZ) u 511
0163 NEXTOCI1) a I
0164 Do 80 J410511
0165 LISTO(I*J) a J.1
0166 go CONTINUE
0167 FULLNK a 19
0166 LA3LNK a 20
01691 NEXLNK a I
0170. DO 90 Iv1al9
0171 L13LNK(I) a 1+1
0172 410 CONTINUE
0173 De 110 !ml.DIM2
0174 0o 110 J61,DI1'1
0175 G(I.j) a 0.
Q.17. MCJ1 I. 2 0.
0177 110 CONTINUE
We7 1411)*1
0179 14(2.3) a 1.
oleo H4(3#5) a t,
0161 1140020 a 20
010.1 .M.1060 1! 60
0163 DO 120 181,20
M14 of 110 JuI#S
0165 Do 120 K8I.60
0186 IILOTCI*J#K) *0
0167 120 CONTINUE
018ad MaL 13.0I4a1.20
0189 DO t30 IRml.3
0190. DO 130 131.5
019t DO 130 ISECul.64
019i ITA.OCIT,IR,I3.ISEC) a
0193 130 CONTINUE

01915 FULSTO a 255
0196 LASB a 25.6
0197 DO t40 £31,255
0196 LISTOMI v1+1
0199 140 CONTINUE
0200 REIURN
0201 END
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GRIDLAY

omlol SuPROUItt'E LflAD(KNI'ToTpE)

0003 COLA/S32,)AIt3~PE(.)R4O~53

0005 tCOPHNiMP~iOP4(),MPTYOC5),FULL94I5),L1S1N(5.20).

0006 COPN' OUSFC/tflS1Cb4.5)oDU'1Ot512.5)
0009 Cf~DJRP)OYO5,IL05,~(,1)NKf()

0010 CO/dhA(4,0.Gl.0,L2~0
0011 CMMOL"DE/U"4AR
0012 INTEGER 0USvU4f#lL &RP UNODFT#RS 0""Dl
9013 NY$ v INT#N$
0014 Do t00 3sl,NTS
0015 D 00 OO N3
0016 IF(KNIT.Eg.2i GO TO 40
0017 IFC(J-NT)*EQ,K) GO T0 100
0018 XS&V(IJ#K3 19 RG(JK)*$TNCAZ(JEI) 4 COO(EL(Jog))
o0i9 *AA(2&JvK) 0 OG(JK)*COS(AZ(JK)l * COS(FLCJ.Iq
020 XSAVC3#JK) a tC,~SNE(,)
0021 el O too10
0022 40 CONTINUE
0023 IF((J-NT).EO.K) GO TO t00
0020 J19t AMOJK)O10.lS6%4
0025 18EC JSEC + 1
4026 0*0*0(k) a I
0027 CALL OLJNFILCK)
0026 CALL OUMNW(OUNNO(K)PIS[Cpx)
0029 IF(KOE0.l) GO TO 4S5
0030 IFCCJ.Nri.N(.f OBR.K.NE.2) 90e To SO
oost as CONTINUE
003a OPOPMCE) a i
0033 CALL MPTFIL(K)
0034 TRKSI(cuPQ.O(x),K) a MPTNOCK)
0 39 PTFST(O0VMAVl)*K) 8 m
0034 DUMSj(K.NAPjS(KpO,) -%a UNNiW()
00l37 18S4?(1v"PlNO(W).Kj a RG(4.K)*SIN(A(JK)) *COS(ELCJ.tC))
0036 ~ S~3HTON.)a RG(JvK)*Cft6(AZ(jiN)1 CO8(lL(JK))
003q xSfe(SvmPTNe(,N),X) a RG(iK)ASINCEl.CJN))

0043TLAT5DMPNO(),K) a (1. .P()N.SV1JM)1~
0044 YSj"LCIIMPINft(K)0K) a t~W(:*N(iK)~V2JK)TP

CZNITZALXZE COVARIANCE FOR FILTER
004! IRO at

70



NRL REPORT 8858

LOAD

0046 lOT U0
0047 CALL STAP2Cjo,Po)
0046 NUMYAR v J
0049 CALL COVONN(XRo.M-rOy#ouN$4e(N),aoPrsEC)
0030 CMV35ftCI.I.NPTNe(K),K) a COV?0(j,g)
0051 C6VSM"(3,IIUPTN@(W)#K) s CRVP*(2.l)
0052 CMVSMOC(SSPTN(W),K) a COV0'q3,330053 CAVSM(l,3vNPTNp(br).K) 0 CvVM(1,2)
COS. CflVS) 4

83p,MP1TNP~x).N) a * m12
0055 COV8m6fl(,S,MPTNO~k),,

4 , a c0Vmcei~s
0030 CftvS~O(3.I.,4PTNepX),K) a COV'CI,)
0057 CPVSMA(3,5FviPTNO(K)#K) a COVM(2#3)
04)36 CftVSf(,3f4P71NrK).K) X COVMC?,3)
0050 taPFLAG(NPTNO(K),K) a 0

41060IFCJ.G T.hT) NPFLA4GCMTP(X),K) a 3
C MPFL4G NE ZERU4 INDINICATFS PARTICIPATING PLATF4RM

0061 GO 18 100
0062 So CONTINUE
063 1LAST(OU"*WA(W),K) a 1.
0064 IP(X.GT.I *AND, CJ.NT)*j0*1 ) GO TO 5S
0065 1RST(0UVNf5(K),W) a MPINO(l)
0060 PTF3T(00UNM4f(K),gc) a 1
0067 fUS(iPN()N
0068 GO TO 100
0169 SS CON.TINUE
0070 TRKST(GUI'NM(K),K) a tAPTNOC2)
0071 PTFS?(MUNO'CK),K) a P
00)72 flUMST(2.P4PTNM2)...) a ClIlMNACK)
0073 too CnNTINUE
0074 0M 60 Jmj*NS
0073 K a NR(J)
0076 04" 60 IstK
0077 AZA a AZIN?(I*J) * TIMEORYFL(1,J)
0078 NFXSEC(T,J) a A?RA~ofS.6 2 S0079 PSEC a N.EXSEC(loJ) 4 1.
0080 AZTO a (RSEC*S.625, .-~
u08 TIIMNEX(I.J) 8 AZTM/RVEL(Ij),TtMF
0082 NFICSEC(IJ) a NEXSFC(!,J) + 1
0083 IF(NFXSFCCIvJ).GT.b

0 ) %F.XSECC1,J) N EXSEC(I,J)-64
0084 60 C"NTINUE
04)(t5 RETURN
0086 n
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GRINDLAY

CIN

0001 SUBROUTINE NEWRAC(IR,IS.ISECTIME)

C SURROUTINE NEXRAD DETERMINESI wHT;H RAflAR W'ILL NEXT MAKE 4 SECTOR CROSS.
C ING. ITS OUTPUT IDENTIFIES TI4F RAOAR.TI4E SPIP. AND THE SECTOR. THE TIME
C OF THE SECTOR CROSSING IS ALSO GIVEN.

0002 COMMONjDETECT/XVZMS(20.3,3,5),TMSC20,3,5),COVMSt2O,3,3.3,S).
tLSTBlNC04.1O0.3.5).XS(20)oTNRK(435)TRATG(20)UL'CSIN(2I.3,5)

0003 COMMeN/RADNEX/SECTIH c3.5,,TIHNEKCS,5).NEXSEC(3,SI *NR(5),.,NT
0004 to CONTINUE
0005 Kai
0006 Lot
000, SAVTIH a 100000.
0o0a DO 20 Jal#NS
0009 JNR 2 NR(J)
0010 DO 20 1u1.JNR

C CHECK TO SEE IF TIME OF NEXT SECTOR CROSSING FOR TMiIS RAOAR 1S GREATER
C THAN SAVTIM.

0011 IFCTIMNEXCIvJ).GT.SAVTIw) GO TA 20
0012 K 6 1
0013 L a J
0014 SAYTIm u TIMNEXCIJ)
0015 20 CONTINUE
0016 ISEC a NEXSECCK.L3
0017 IR a K
0016 15 a L
0019 NEXSEC(K.L) a NFXSECCK,L)*1
0020 IFCNEXSECCKmL),LT.bS) GO TO 30
0021 NEXSEC(KtL) a 1
0012 30 CONTINUE
0023 TMRKCISECv,L) 2 TIMNEXCK@L)
0024 TIMNEXCX*L) a TIMNEXCX*L) + SECTIM(K.L)
00l5 IF(TMRK(ISECpKtL).LT.TIME) GO TO 10
0920 TMH * SAVTIM
002? RETURN
0026 END

C SN

0001 311IROUTINE MRTInN(TIMENS)
0002 COMPONIPAR71 ROLL(20).PITCH(20).RPHASECPn).PPHASEC2O)
0003 COMMONIPARi R4AGC20),PMAGC2o).WOR(20),#u"P(2o)
0004 RAD8,017493?92S2
0005 060 O JIN3
0000 ARGUCOSCCmORCI)AYTIHERPHASECII))RAD)
000? POLL(I)NOMAG(I)*ARG
0008 ARGICOSC(hOPCI)UTIMEPPHASE(I)).RAD)
0009 PITCHCI)SPMAGCIIARG
9010 100 CONTINUE
0011 RETUJRN
0012 END
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Cs"

0001 OURROUTINE SMPGEN(Y!ME,NS)
0002 COMewNPARSLAT2),SLOG(2),SH7Cao).8Ho20)
0003 COMNPR/IA(0,T~.2)Swr2)SV2)Sw(0
0o04 RAD9.017453292sa
0005 DO 500 181,N$
040 CvUIVCI)*TtME*PAD
0007 Xpa.
000d YP*SXNCC)
0009 ZP*COSCC)
0010 xtvyp*SZN~aZHDCI).RAD)
00l1 YlmVp.CvS(8THO(Z).pAal

0013 CLAvCO5(5ILATCI)*RAD)
0010 SLABSINCSILAT(IlaPAD)
0015 CLO8COS(3ILOG1e1)*Rb
0016 SLO*SINt3ILOG(1)*RAD)
0017 X~aCLO*X1.SLA*SLO*'1,CLhSL".Zt
ois YGxCLA*Yl+3LA*Zl
0019 ZG.-SLOaXt.SLA*CLe.YjCLA.CL".ZI
0020 ROEXG*XG.ZG*ZG
0021 RJUSO0T(AS)
0022 !FCR1-.0000o11 310.340,310
o023 310 IF(YG) 320,330,130
0024 320 SLAT(1)8.90.
0025 GO TO 350
0026 330 SLATMI)90.
0027 Go TO 350
0020 340 SIAT(Z)aATAN2(YG.R1)/RAD
0029 350 AZGa&USCZG)
0039 IFIAZOG..Q0ooof 360,390.390
0031 360 IF(XG) 370,lf8o#380
0032 370 SLOGCZ)-90.
0033 00 TO 4100
0034 360 SLOG(I)90.
0035 GO To 400

094 39.0 *LOGCI)aATAN2(XGsZG~iRAD
0037 000 CONTINUE
0030 314.T(fla8I"T(c
0039 Xpet,
0040 ypsO.
0001 ZPD.
0042 AINTSAA.CIDCIM-lo.
003 !PCAINT.flflOO) 40O2.403#4o03
0044 402 AINTuIGO.
004S 003 AINTsSINDCI)
0000 XluXP.CG3CAINT*PAD)
0007 Ytw*XP*31N(AINT*RAD)
t0.4 Z.1.Zp
0009 CLAGCO5(5ILAT(Z)*RAO)
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ORDLAY

SNPGEN

0050 SLASIN(UILATCI)*RAD)
0051 CLI'COSCSILSGCh).R*D)
0012 IL0USIkClILOO(I)hRAD)

40 V~CL~A*OSCULCZ.h

0057 *LOo8ZN(SLOGC!)AD)
005. XUlaCLO
0059 ZGIE-lLO
0060 ARGmXGL*XG2.ZG1.ZG2
0061 4PAG1)'20#410#410
0062 410 0061,l
00*3 4120 IF(ARG~l.3 430,'130.uoo
0068 430 ARGue.
0065 440 3"VCI)GACO3CAftG)jRAD
0066 IF(AINT) 4SOP460#460
006? 050 SNOCI)2-5I'DCI)
006 464 CONTINUE
0069 IP(SHOM!) 47o040,.oo
0070 470 3NDCI)6360..UND(12
0071 480 CONTINUE
0072 500 CONTINUE
0073 RETURN
0074 END
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0001 SUBROUTINE TOKGENCT?14E,NT)
0002 COMMONPANITLAT(203 .TLflG(20).?ITC20) ,114(20)
0003 CMO#A3TlAt0.1OC0,1 i)T~?)TI(0
0004 RAD6.01745329292

0005 00 200 J119NT
0006 CatIV(Z)*TIME*R*0
0076po
0009 ZPSCOSCC)
Cato0 XicVP*SIh(TIH0C1)smRAD)
0011 V1.YP*COUCTH0(I)*RAD)
0012. ZiaZp
0033 CL&UCeS(7ILAT(I)*RAD)
0014 SLA@SIN(TILATCZ)*Rhb)
oats tLOuCflStT1LOG(1)RAb)
001* SLOsSZNCT!LOGCUIRAD
Go1 XGuCLO*X1.SLA*lL6,YtCL&*SLO.Z1
001a YGaCLA*YI*SLA*Zl
0010 ZGa.SL6*Xl.5LAtCLO*V1+CJA*CLR*71
0020 RBIXO*XG+ZG*ZG
o01 NR1aSQRT(Re)
0oal I7CR1-.000001) 10,40,40
0023 10 ?F(YG) 20#36#30
0024 20 YLA?(Z)0,90.
0025 Ofi TO S0
0026 30 TLATCI)090.

002 40 TLATCI)NATAN2(YG,RI)/RAO
0029 SO AZOVAUS(ZG)
0030 IFCAZG-.0.00001) 60,90.90
0031 60 IFCXG) 70,80,80
0032 70 TLOG(I)ve90.
0033 Go to 100
0039 60 TLOG(Z)*q0.
0035 136 To 100
0036 90 TLO0(I)mATAN2CXG.ZG)/PAD
@037 100 CONTINUE
0036 TMT(IJUTII9TCZ)
0039 Xpe.
0040 YPNO.
0041 20U.
0042 AINTOADWITMDCI32180.
@043 IFCAINT-.000001) 102,103#103
0044 102 AINT4ISO.
@045 103 A!NY*TIMD(l)
0046 XlmXP*COS(AINT*AAD)
0047 YlmvXP*6hNcAINT*RAD)
0046 ZISzp

0049 CLA*CBSCTILAT(I1A0)
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GRINDLAY

TAN GE N

SLASS I fCT KLA CI IaRAD)

0050 CLOECOS(TILOG(II'AAD)

0052 SLOSSINCIILOGCZ)*RAD)
0053 XG2UCL(OXl.LASLP*ICLAOSLS'ZI
0054 Y629ELA*YI+SLA*Zl
0055 ZG2u.SLO*X1.SLA*CLOVYI CLACCLOIZt

00S6 CLOaCdS(TLOGCZ)*RA0)
005? 3LOBSINtTLPGCX3*A)
0058 XG12CLO
0059 ZGIs-SLO
0060 ARGUXG14XGZ+ZGI*ZG2
0061 1PC016.1.) l.010

0062 lL0-ARGeto
0063 110 00AGl. 3,130,140

004 130 ARGI-.

0067 140 TNOCI)vAICIAP)/A
0066 IFCAINY) 150.160,160

0066. 160 CONTINUE
0069 !F(7140(l)) t7opla0.100
0070 170 THDCII*36Os+THD(I)
007t Igo CONTINUE
0072 200 CONTINUE
0073 RETURN
0074 END
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C3N

0001 SUBROUTINE SCOflIO(NTONSO!SHTP)
0002 COMMONISECTO~iKSEC(6o.51
0003 COMN4A /LT.),LG2)SHT(20),SHD(20)
0004 COMMNONENiAZ(20#20)*RG(20*20) ,EL C20,201
0005 ERBO31S308.
0006 PRa&359911.
0007 PI 9 3.341592fi54
0005 TOP! u P7.2.
0009 91mER*ER
0010 RA~s.0174d53I22
0011 OpsPR*PR
0012 j a ISHIP
0013 SLOP a SIN(SLOG(J)*RAD)
0014 CLOP a CeS(SL6GCJ)*RAD)
0o15 SLAP a SPJCSLAT(J)*RAD)
0016 CLAP a COSCSLATCJ)*RtD)
0017 RHOS a SGRT(Q1.G2,CGl*SLAP*SLAP4Q2&CLAP.CLAP))
Dole Rm0S.RHO3*SHTLJ)
0019 DO~ 200 Ist,NS
0020 IFCI.EQ.J) GO TO 200
0021 5!USZN(SLAYCII*RA0)
0022 COvCOS(ULATC!2'RAD2
0023 RMeta50RT(GtQt. 0O, SSI0gCn*C"))
0024 RH0T*RMTSVIT(!)
0025 CLAnCOSCSLAT(l)*RAO)
0026 *LAm5IN(3LATC1)*RAD)
0027 CLOmCOS(SL"IC).Ao1)
0026 SLOsSIN(SLeGCIV*RAD)
0029 XxPNtOT*CLA*SL6
0030. YvRHCT*SLA
0031 ZaRIHOT*CLA*CLO
0032 XP v CLVP*X.SLOP*Z
0033 YP a *SLAP.SLDP*XCLAP*Y.SLAP*CLOP.Z
0034 ZP a CLAP*SLOP*XSLAP*YCLAP.CLOP*Z.RHOS
0035 DUP'aXP*XP+YP*YP
00.31 3DJUM*5QRT(DUM)
0037 AYPABSCVP)
0036 K a I+NT
0039 40 AZ(X.J) a ATAN2(XPYP)
0040 90 EL(K.J) N ATAN2CZP*SOUPO)
0041 RG(K,3) a S0pVCCUm+ZPZP,
0142 7I.AZC(K*J)l 150#160.1bo
0043 150 AZ(KPJ) a TOPI+AZ(K.J)
0044 160 CONTINUE
00as ISEC a AZCKVJ).10.1S59t6
0046 I8EC v ISEC4I
0047 KSECC!SECv4SH1P) a KSFC(ISEC,!S4IP) I
0040 200 CONTINUE
0049 RETURN
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GRINDLAY

0001 SUBROUTINE TCOOCNTI5NIP)
0002 C014MONIECTOR/KSEC(64#S)
@003 COMMNNPA~lJTLAT(2O),1LlG(30)#TI4T(20),THOC20)
0001 COMMNONPAR2,S/LT2O.LGCO.SN?(l0)510C0)
GOO5 COMMONiNEWiAZCO.2O).RSC2O.20).EL(20.20)
out0 PIMc-.141592654,
0007 TOP! a Plea.
0008 ERa6378388.
0009 PA86359911.
0010 RADs.01745329252
0011 Qt.EP'ER
0a1l g2v!R*PR
0013 J a 5141P
@014 SLOP a SItdLSLOG(J)RAD4)
0015 CLOP a COSC3LOG(J)*RAD)
0016 SLAP 4 31N(3LAT(J)*RAD)
0017 CLAP a COSCSLATCJ)*RAD)
0016 RHOS a SORTC01*02,C01.SLAPa5LAP+a2aCLAPaCLAP))
@019 RI4SaRM8SSMT(J)
0010 DO 200 Iv1#NT
0021 S~v31NCTLAT(I).RAO)
0033 COmCOSCTLAT(I)*RAD)
0023 RH6TUSQRT(G1*02/CQteS!.S*t+2,CA*CO))
Q034 ftHOTmRI48T.Tt4TCI)
0025 CLAGC03(TLATCVI.RAD)
0020 3LAsSINCTLAT(C)*NAD)
00a7 CLOaCflS(TLOGC!)*RAD)
0026 SL~sSINCTLMGCI).RAD)
0029 XvRNOT*CLA*SLO
0030 YaRHOT*ULA
0031 ZsRHOT-~CLA*CLO
0032 XP a CLOP0-30LPAZ
0033 YP a *SLAPeSLOPAX*CLAP*Y.SLAP*CLRP*Z
0034 ZP a CLAP*SLMP*X,5LAP*Y4CLAP*CLP*Z-RHOS
0035 DUMeXP*XP#YP*YP
0030 S0U~mSORT(0Jm)
0037 40 AZ(!.J) a ATAN2CXP,YP)
0036 90 ELCXJ) 8 ATAt42CZP#DUP)
0039 100 CONTINUE
o040 AGCI#J) a SORT(DLMZP*ZP)
0041 IF(AZ(IJ)) 150.160.10
0042 150 AZC!,J) a 4Z(I#J)+ TOP!
c0al WO CONTINUE
0044 36CC 0 AZ(I,J)*10.185910
0045 ISEC a ISEC+1
0046 KSECCC!EC,!SH!P) *KSECUISEC,1SH!P) + I
0047 200 CONTINUE
0046 RETURN
0049 END~
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000 SBRUTNEDETFIL C R, IS. ISEC ,NT,NS.)

C T14E FIRST STEP IN CREATING DETECTIONS FROM THE SIABLIZEn TARGET
C POSITIONS PROVIDED BY THE STIMULATION PRflCESS.

0002 .CtMMON/DETECT/XYZIAS(2Oo3t3,S)tTmSC2Ot,9)oCOVMS(20.,3,3,5)p
ILSTBIN(64. 100.3,!).KS(20).TMRK(l4.3.5,oTRATGC20) .LNKPIN(lV.3,5)

0003 CRMMON/NEH,'AZCIO12O) ,RG(20,2o) ELC0201
0004 COMmON/DETFILiIDET(1,5.IDTA(25.3.5)
0005 CMHMON/LOAD/XSAVC3,10,3) .AZINTCI,5) .RVELC3,52 .NGOIH(5,3)
0006 COMMONiTAGjZTAG(2O,3,5.o)
0007 INTEGER TRATG
000 13ECmI a I3CC-I
0009 IFCISECMI.EQOo) ISECMI a 64
0010 NTS a NT*NS
0011 J a IS
0012 DO 200 JRN%10100
0013 LSTIINCISEC,JRNIR,IS) sO
0014 200 CONTINUE
0015 AZLO a S,625*(ISEC-1)
0016 AZHI a 5*625*(ISEC)
0017 DO 100 1ml.NTS
0018 K v I-NT

C IF TARGET IS ISHIP GO TO NEXT TARGET

0019 IFCK.EG.J) GO TO 100

C 18 TARGET IN SECTOR?

0020 AZR a AZCIoJ3*57.29S7?9
0021 IFCAZ'n,.LE.AZLO.oR.AZR.GT.AZHI) aM TO 100

C FIND RANGE BIN

0022 JRN a RG(I..j)/RNGDIMCIS.IR)
CCC CHECK TO SEE IF TARGET 1S WITHIN MINImUm RANGE

0033 IF(JRN.EQ.0) GO TO 100

C CHECK TO SEE IF FILE 1S FULL

0024 IF(IDETCYR,13).GC.201 GO TO 20
0025 IDETCIRPIS) a IDETCR.I1s) + I
0026 GO TO 30
0027 20 CONTINUE
0020 IDETCIR.IbJ a 1
0029 3 a .CdNtNUf-
0030 ID a IDETCIR.IS)

C.LINK DETECTIONS TO TARGET.
0031 IDTACIDvIRIS) a I

CCC CHECK TO SEE IF TARGET WAS DETECTED IN PREVIOUS SECTOR
0032 IF(ITA6C1,:AvIS@ISECMI).EQ.1, GO TO 19q
0033 ITAGCI#IR#IS.ISCC) a I

C LOAD DETECTION NUMBERS IN DETECTION FILE

0034 TRATGCID) 800035 LNKSINCIDoIR,IS) a LSTOIN(ISFCJPN*IR,IS)
001 LSTFIN(ISEC,JRN*IR#IS) r D
0037 199 CONTINUE
0036 100 CONTINUE
0039 DO IS0 IT2l.2o

00 40 ITAGCITvIR#7S.ISCm') 0
0041 ISO CONTINUE
0042 RETURN
0043 END
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C3N

0001 SUIRAUTINE STASI(NT.NSISHIP)

0002 COMPON/RAOIANKK(20.202 .YYC2o,20) .SS(2i0.20)
0 003 COMIMON/NEWJAZ(20,2o0 .RG (20.20) ,EL (20.20)
0004 C01WHONIPAR7, ROLL(?0jPY7CHCaO).RPHASE(20),PPMA8E(?oQ)
000S COMONPAI2/SLATC20I.SLMGt2o,.SNTC2O).SHOC20)

0007 RA0C.0174S329P2

0 008 pI a 3.14IS926S4
0009 TOPI a P102.
0010 NYSUNT+NS
0011 J a ISSIP
0012 R a. ROLL(JIaRAO)
0013 PP a P!TCWCJ)*RAD
0014 DO 20o 101,NTS
0015 JP(I-NT.Eq.J) GO TO 200O
0016 AZR s AZ(!.J).CS~fl(J)*RAO)
0017 ELR a EL(I,J)
0016 AAZSABSCAZR)
0019 IF(AAZ3-P! ) 210,20ot20

0021 220 AZR a TOP!,AZR
0022 GO TO 260

0029 250 AZRaTOPI-AAZS

0025 260 CONTINUE

0026 CUCOS(AZR)*31NPP.TANCELR)*COS(PP)

0026 YuCOS(AZA ).COS CPP)-TANCELR)aS!NCPP)
0029 XK(IpJ) a X
0030 YYL!.J) 8 y
0031 40 AZD(!,J) a ATAN2(Xpy)/RAD
0032 S0 IFCAZfl(.J) 60,65,&S
0033 60 AZD(IPJ)g 360.4 AZO(I#J)
0034 65 CONTINUE

0 035 CUCOSCELR).COS(AZR)*S!NCPP),S!N(ELR).COS(PP)
0036 S*COS(9A)-COSCELR)*SINCAZR)*SPKICR)

0 037 SScleJI 3
0036 100 FLO(IvJ) Z APSINCS)iRAD
0039 I10 CONTINUE

0 040 150 CONTINUE
0041 200, CONTINUE
0002 RETURN
0003 END
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CON

0001 SUBROUTINE NOISYCIRsIStISEC)

C SUBROUTINE NOISY OUTPUTS TOE NOISY X,Y,Z STABLIZED C"4RDINATES
C OF EVERY DICTION IN SECTOR InFc

0002 COMMONIDETECT/XYZM3(20.3,3.5),TMS(2o3.5).COVmScaO,3.3r3.5),
ILSTBIN(ea,100,3.5),XS(20),THRK(64,3,5),TRATG(203,Lt K9IN(2O,3,5)

0003 COMMONiDETFILiIDETC3,5).IOTA(25&.3,5)
0004 COHMONiNEwjAZC2Q*20),RG(20*20),EL(20*201
0005 COMMONiIRUE/XYZTRUC2O.3v3,5)

C GO THRU ALL RANGE BINS IN SECTOR
0006 DO 100 JRNx1llOo

C FIRST DETECTION IN RANGE SIN
0007 ID a LSTUINCISEC#JRN,IR.IS)
0008 10 CONTINUE

C CHECK TO SEE IF THERE ARE ANY OTHER DETECTIONS IN RANGE SINS
0009 IFCID.EGO) GO TO 100

C GET TARGET NUMBER CORRESPONDING TO DETECTIeN
0010 IT a IDTA(IDIR.IS)
0011 XYZTRUCIO#t,IR, IS) a RG(ITIS)*SIN(AZCITDIS))*ClSCEL(IT.IS))
0012 XYZTRU(10#2*IP#IS) a RGCIT,IS)*C ScA?(IT.1S))aCOS(ELrIT. IS))
0013 XYZTRUCID*3,lRoIS) a RG(IT,IS)*SIN(EL(!T,IS))

C GET NOISY STABILIZED RANGE.AZ.EL.
0014 CALL STA82(IT.IS,IR)
0015 XYZMS(Inl#1IR.IS) a RGCITIS)*SIN(AZCIT.IS)) *COS(ELCITIS))
0016 XYZt4S(10*2oIR.IS) a RGCIT.13)*C5SCAZtII.IS)) *C5S(ELCIT.1S))

0017 XYZMS(ID,3,IRIS) a RGC!T,1S)*SIN(EL(IT.IS)1
0016 TMSCIDsIRoIS) a TMRKCISECPIR.IS)
0019 ID a LNKOIN(IDIR.IS)
0020 00t TO 10
0021 tOO CONTINUE
0022 RETURN
0023 END
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COIN

0001 SUBROUTINE STAR2(1#J*9)
000a COIMONNEWIAZ(PO2020).N020.20).ELC2O,201
0003 CeImHONJRANDUM IAN(20,5)
0004 CONMONNDECK/AZND(20.5.3),ELNO(20.5,3),ANNDC2O,5,3)
0005 COM#MNRAAIANIXX20203VYC20.20),SS(20.20)
0006 COM,4NPAR2JSLATC2O).SLOG(20) ,SHT(20) .SMO(PO)
0007 COMMNINCOVii SIGAZDC20,22,S!GELDC20.2),A9480C201 2)
000a COP4MON00A71 AOLL(20)eP!TCN(20).APHASE(20).PPHASE(20)
0009 COIM0NiNEIWZ, AZDC20.20).ELD(20.20)1 OLOAZ(20,20)
0010 DIMEN31ON RANCICO)
0011 AADm.01745329M5
0012 PI a 3.141592650
0013 CALL SETVRCIAAN(IJe))
0014 NNN x 6
001s CALL VRAAF(RAN#NNN)
0016 AC 2 2.*ALOGCAAN(t))
0017 AND a 30RT(ARG)v CB1C6.2632*RANC2))
0016 &ZR a ATAN2CXXE!.J)YCI#J)) ,SGAZD(J.K)*AND*AAD
0019 ARC a .2..ALftGCAAN(3))
0010 AND a *ORYCARG)t CftSC6.2832*IRAN(4))
@021 ELR a AASIN(S$CIPJ)) .SIGELDCJ,X)*RND*AM
0022 ARC x *2.*ALOGCAAN(S))
0023 AND 6 SOATCARG)* CRSC6.2832.AAN(6))
0024 IRANN 8 PANt6J'10000.
0026 JO(ANN CI AN*2) !4NUI1N.
0025 IA(IANN S CIANCIJ2),1SIAN~
@027 IAAN(I,J) a IRANN

0028RC!,J) a AG(I.J) * AI~0D(J.K),ANO
0029 AZNDCI#J,K) AZ
0030 ELNOCIsJK) 6 ELA
0031 ANNDCZJpK) a RG(I,j)
0032 OR a RILL(J)*RAD
0033 PP a PITCHCJ)tRAC
0030 Xs.5IN(Rt*S1NCELR)tC0SCRR)*SZN(AZR)*C0S(ELR)
0039 CuCflSCAA)*SINCELA)+SJNCAA),8INCAZR)*CMS(ELA)
0036 YaC0SCPP)*C0SCAZR)*C0SCELR),SXN(PP)*C
0037 40 AZEUATAN2CXy)
0036 AZCI*Jl ao AZE *SHD(J)*RAD
0039 CuC0SCAA)*5INCELR)*INARRaS!NCAZA)*C0SCELP)
0040 Sa.IINCPP),COS(AZA)ACOS(ELR),COSCPP)*C
0041 100 ELENARS1NCS)
01142 ELIIJl ELE
0043 RETURN
00-44 END
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CS"

000t SUBROUTINE PREDIC(ISEC#YR.I5)
C SUBROUTINE PREDIC DETERMINES THE POSITION. OF TRACKS AT TwE SECTOR
C CROSSING TIMEo @SIED ON THIS PREDICTED POSITION IT ALSO mAKES
C ADJU6TMENTS TO THE SECTOR TRACK FILES

002 LOMMONOETECT/XYZMS(20.3D3,52,TMS(10D3.!).COVMS(201 3,31 35 5),
ILSIIN(64.100.3.5).X3C20).TMRK(6u.3.5).TRATGC20).LNKSIN(20.3,5)

6043 COMMONiDUMSECI DUMSXK64.5),oUMID(5t2.5)
0000 COMMONILINK/LNKFSI,LNKSTO(20,5),OUMST(5.20,5),TRKST(20,20),PTFST(2

10.20I.LNKID(2O).TIMLNKC20.5),RLLNK205)PTTLNK20)S'CLNXK ClO.
2) .XSMO (10.20. 52,CO VIMOCIC.10, 20,S) ,PRECOVCIO,1o. 20,5) ,MPFLAG (20,5)

0005 COMPMONPREDIC/RAEOUM(25635)KYZDUMCIS0.3,S)
0006 DIMENSION X(9).TOLJM(2%6.5)
0007 INTEGER DUMSXtDUMIDoPTFST#TRKST
006 pI * 3014titq26S4
0009 TORI a P1*2.
0010 NT a DUMSXCISEC.132
0011 TIME a TYRKCISEC,IP,lS)
0012 10 CONTINUE
0013 IF(NT.EG. 0) OR TO 999
0014 R u 0.
0015 MY a TRKST(%T.IS)
0016 MS a PTFST(NTIS)
0017 IFCKS.EQ*1S) GO TO 20
0010. XT a X5M0C1."TrKS)
0019 YT a XSPO(3,MT#KS)
0020 ZT 8 XSPOCS.MY.KS)
0021 CALL TRANSP(XT.YT,ZT.XI),XC2),V(3). ISKS)
0022 XT a 15140(Z.MT#KSI
0023 VT 8 XSMOCO.HTKS)
0020 ZT 0 9SMO(6sMT#KS)
0025 CALL VTRANSCXT.YTZTX(0) .1(53.1 () , S.MS)
0026 90 TO 30
0027 20 CONTINUE
0020 X(1) X SPO(1,mT#1S)
0029 X(2) 3XS"A(3fmTIs)

0031 X(4) aXSMO(2oMT.IS)

0033 W(6) 8 XSNM(6,MT,13)
0034 30 CONTINUE
0035 DO 3S ta1.3
0030 J%1#S
0037 XYZDUM(NT..s) a X(I),X(J)*(TTmE.TTMLkw ,"T#XS))
0035 Ra Ri+ XYZDUM(NT.I,Is)*XYZ0UM(NT,T,IS)
0039 35 CONTINUE
0040 NTT a DUMID(NT,IS)
00al TDUM(NTIS) a TIME
0042 RAEDUMCNT~l*1S) a SORYCA)
0003 PAE01P"07,2,13) * ATAN2(XYZDUM(NT. ' .S).1YZInUMNT,2,IS)
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PREDIC

CSN

0044 TN U SRTCXYZDUM(NT.i.TS)XYZDUNCNT.IDTS) + YZOUICNTO2.I5)*KyzoU

004S R&EDUMCN2#3*13 m ATAH2(XYZDUM(NT#3#I8~fTE#)
0046 IFCRAEDUI'(NTuSIU).GE. 0.) Go T0 so

0047 RAEOUM(NY#2@!S) a RAEDLM4(%T#2v13) # TOP?
00d18 GO TO 60
0049 So CONTINUE
0050 [P(1tAfDUV(NTslI8)*LE.TOPI) GO TO 60
0051 RAEDUM(NTs.dS) a RAED6MCNT.2#1S). TOP?

0052 60 CONTINUE
003 IFCISECEG.J *AND. RAEDUMCNT.2*I3).GV.P1) GO TO 666

00S4 1FLSEC*EQ.64 *AND. RAEDUNCNT#?,IS).LT.P!) GO TO 777

0056 AZ3CCm1EC-1)*CTOPI/6dI.)
0057 IPCRAEOUmCNT5.!S).GE.AZSEC1) GO TO 70
o05 ISM a ISEC.?
0059 665 CONTINUE
0060 AZSECM m (ISN.1)*CTOP?,64)
006.1 IFCRAEOW'CNTt2oIS).GE.AZSECP) GO TO 667

0062 Ism a ISM'*S
0063 Go TO 665
0064 667 CONTINUE

0066 CALL DUMNE(NT4SM,131
0067 G TO 90
0068 70 CONTINUE
0069 IF(RAEDUPCNTp2s4S).LE.AZ3EC2) GO TO 90
0070 ISP uSEC+1
0071 65 CONTINUE
0071 ARSECP a ISP.(TOP~I64.)
007.3 IFCRAEDUPtC11T2@!S).E.AZ3ECP) GO TO 776
0074 lSp a ISP+I
0075 Go To 65
0076 776 CONTINUE
0077 CALL 0UMDRP(NTs!8EC*IS)
0078 CALL DUMNEt,(NTv?8PvlS)
0079 90 CONTINUE
0010 NT a NTT
00al GO To 10
0085 666 CONTINUE
0063 ISM u 64
0064 Go To 667
0065 771 CONTINUE
0666 lap a I
c017 G0 To 776
0066 944 CONTINUE
0069 RETURN
0090 END
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CSN

0001 SUBROUTINE CORRAS(ISIIIP.ISECOIRAC3
0802 CeWMON#OETECT/VVZM3d2Oto,3.).TNSC20.3.5).COVMSlo,5333,),

ILSTUIN (04.100. 3.5) *X5(20) ,TNRK (64. 3.#2 TRATG (20) .LNICSIN(20 ,3.53
@003 COMMONINOICK/AZND(20.5.3).ELNOC20.5.3).INND(20,5,3)
@004 CONMON/DUPSECIOUMSXC0I.!).DUMID(511.S)
0005 CMNPRED!C0AEUP(20.35)VZO~(250,3.5)
0006 COP'ONiCORAS/0ETSX(256).ISTOR(2S6o).1ETIDCS12)
0007 CO MON LO AD CAV3,20.3),AZINT(39 5) .RVELC3,5).RNGDO(5,3)
0006 e CMM0N01T/I50C2506)
0009 1 TEGER CUMIDDUmSX#DfSX#DETIl.TPATG
0010 IMENSION IRADET(10).SCISTCtO)

C ICK TRACKS OUT OF DUMPY SECTOR FILE
0011 NT a DUMSY(ISEC,1SMIO)
@012 CONTINUE

C HAVE ALL THE TRACKS IN THIS SECTOR BEEN CONSIDERED
0013 IF(NT.EO. 0) GO TO @99

0014 a CONTINUE
:0015S LeC a DETSX(NT)
0010 / IFLBC*EQ.0) GO TO 300
0017 DETSX(NT) aDETID(LOC)
0016 DETID(LOC) U0

0019 IORP a 0
0010 CALL NENLCC(LOCsIORP)
0021 GO TO ZOO
0022 300 CONTINUE
03 DO 6 191#10
0024 SP151(1)a
0025 A CONTINUE

C FIND RANGE SIN
0026 JRNG a RAEDUm(NT,1.ISNIP,RNDIa4ISMIP,TRAn)

C START PICKING DETECTIONS OUT OF RANGE BINS
0027 K a I
0028 00 40 Z121#3
0019 0o 40 JJ81163
0030 j *JRNG-Jjj
0031 1 a ISEC-2+II
0032 IF(I.EQ.Q) lx64
0033 IF(J.LEC) GO TA 40O
@034 IDETNO a LSTOIN(I.JoIRAVOISNIP)
0035 10 CONTINUE

C ARE THERE ANY DETECTIPNS LEFT IN SIN I,J
0036 IF(IDEINA.EQO 0) G" TO ao

CCC IF PREDIC HAS MOVED TRACK INTO NEO .ECTOq IT 4AY HAVIF BEEN PREVIOUSLY
CCC ASSIOIATED WiITH THIS VETECTIPN

0037 IF(TRATGCIDETNO).EO.NT) GPI TO 40
C 6RDER DETECTIONS ACCORCING TM STATISTICA1L DISTANCE

0036 NN a K
0039 CALL COVOWN(IRAD.ISHIPICETN!.,NT,Snl,ISFC)
0040 20 CONTINUE
0041 TF(NN.EO.1) GO Tl 30
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GRDLAY

CIN

0042 IF(S0oC.T.SDzSycpjN.1J) GO TO 3o
043 SDIST(NN) 8 SOIS CNN.,)
0044 IRADET(NN) X IPADET(NN-t)

0045~ SD:NN.

0046 RACET(NF) x IDETNO
0049 IDETNR x LNKSTN(JI0ETNADIRAD#ISHIP)
@050 K a K*L
0051 Go TO 10
0051 40 CONTINUE

C WERE THERE ANV DETECTIONS IN CnNT. SINS
0053 I~F(K*NE.1) GO 10 60
0054 50 CONTINUE
0055 NT a DUMZD(NT.ISNIP)
005% GO To 5
0057 60 CONTINUE
0056 J a K-I
0059 TO CONTINUE
0060 IF(JsEO*Q) GO TO 0

C PLACE DETECTIONS IN LINKED FILE
C SMALLEST So 1S LAST ONE IN

0061 IORP a I
0061 CALL NEWLSCCL@CIPRP)
9063 ISTqRCIOC) a IRADETCJ)
0064 DETID(LOC) 8 DETSXCNT)
0065 DETSX(NT) v LOC
0066 SOCLOC) a SDIST(J)
0067 J a J1-1
0066 GO TO 70
0069 80 CONTINUE

t ASMSIX1UCN PROCESS
0070 NTA a N T
0071 90 CONTINUE
007a LOC a IDETSXN4TA)
0073 IDETNO a ISTOR(LOC)

007R0AN OPTP THIERTRACKSE A0CITE WIO TOI DEECIO
A07E ANY~l OTIERTRACKSE ASSGOITED t hSDEETO

0075 TRATGCZOETNO) 8 NTA
0076 Go To s0
007? 100 CONTINUE
0076 NTT a TRATGCIDETNO)
0079 LOCC a OETSX(NTT)
0060o IFCSDCLOC).GE.SDCLOCC)) GO TO Ito
0061 TRATGCJDETNO) a NIA
0062 NTA 0 NTT
0063 110 CONTINUE
0064 LOC a DETS~ffNTA)
0085s DETUXCNTA) a DETIOCLOC)
0066 IFCDETSKCNTA).EGO0) GO 10 50
0067 IDRP a 0
0066 CALL NEWLftC(LeCI0RP)
0069 GO TO 90
0090 999 CONTINUE
0091 RETURN
0092 END
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NRL REPORT 858

C SN

0003 COMMONMAL2i PS(20l02),pp(20,20).CflYC2o.20) .COVM(20,20) ,KP(20)

0004 SN1jAj!Tt(0),1gfhlOM

0,24)2 LNKID(1fl).ITMLNK(2Q.5) .RILLNK(20,5) .PITLNKCZO.5) .S14LNK(20.5

9)007 COMMONIUPOATE,1LICc202DIMLAG,7E3TteC512.32,TLAST(2lSS)
@008 CnRmN/NSThT~c'j(q)vM2(3)
0049 COMMM jPAR2,SLATC2OI.SLAOC2O),SHT(20)oSH

0
C2

0
)

0010 CONNECKAZN(2,,3),ELND(0#,53),NN(20IS,
3
)

0011 CO1MNDETECTXY2S(lO335)TwS?0,3,),C6vmSC2O,
3
#3,

3
s)v

iLStStr4(6n. IOO, 35 5,,ES(2O).TMPKC6oU3,5),TRAIG(20).LNKXN(?0,3DS)

001? C0O4MON/LA1VEINUtITAP
0013 DINENSIAN 1 (3*3)#P(3#3)#NP(3#3)#AJS(303)

0010 DIMENSION A2(3v3)#NN2T C0,0)#SUM2(3v3)

D0ls REAL N,Na.NNT.NN2T

"0t6 INTEGEW TRXST.Dl~i.DIO'2.0IKS.PTFST.0UMST
00t? WAD a *f1?0532'l52
0018 mT UTR4ST(NT#IS14IPJ

0019 KSHIP a PTFSTCNTISHIP)

0020 TF(XSNIP.INE.TSNIP) GO TO AS

021 Ji a ISIWTP
0022 on 120 IXI,3
8.023 no 120 Jul.)

0024 ,'cIJ) a 0.

002S t20 CONTINUE
006 1(1)UCeSCSH0(JJ)*RAV)

0027 H4(102) S INCSHD(J)J).*Pl)

0028 14(2,1) v.SINCS14DCJJ)*Rfn)

0029 14(P#2) Mist1.)
0030 H0033) a1.
oa3t ROLRA 8 AOLL(JJ)*RAD
0032 PITRAD a PITCMCJJ)*RAD
0033 P(ipt) a C03(ROLPAO)

0034 P(1#2) 8 0.

0035 P(I,0) 8 .aI'4(POLRAD)

0036 PC2,1) a SIN(ROLRAD)* STN(PITA)

V017 P(2,2) a COS(PITR01)

0036 P(2,3) 8 CMSCROLRADi)* SN(PIT040)
0039 P(3#1) a SIN(ROLAAD)* C"S(PITROD)

u040 P(3,2) a .STNCPITRAD)
0041 P(3,3) * COS(PMLAAD)* COS(PIPAD)

0042 DO 130 1o.3

0043 00 130 Jvlv3
0044 HPIJ)s 0.

001A5 DO 130 IJwlp3

0046 H.P(JJ) a HPCI,J)4 Hft.IJ)* P(IJ,J)

004? 130 CONTINUE

0008 IFCI0ETNn.NE.0) CA TO 140
C CALL FPO" LOAD

0049 IT a *4UMTAR

00530 Go 18 148

oWs 14 CPNTINUE
0052 IT m IOTA(IDETN6,IRAOISMIP)
053 1418 CONTINUE
00541 EL2 a ELNDCIT#IS14IP#IPAb)

0055s All x AZNnfIT,IS14IP,IPAb)
00516 RN2 a PN%0CIT#ISMIP#IA)
0057 A2(lv1)2 COS(E12)*SIN(AZ2)
0058 A2(1,2)8 .AN2.S114(FL2)*SIN(AZ2)
005S9 AICI,)) a RNP.CBSCEL2)*CBS(AZ2)

0000 A2(2pl) *COS(fL2)*CAS(AZ2)
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GRINDLAY

COVO W14

0961 42(?22 -RN2*SXNfEL2)*COS(AZ2)
0062 A2(2,3)8 *AN2*COS(E*L2)*SIN(AZ2)
0063 A2C3vI)u SIN(ELP)
0064 *2(3,1)a RN2*COUCEL?)
006S A2(3#3)50.

0066 DO IS0 131,3
GA6 7 0O 150 Jml.3
0066 AJS(IJ) a o
0069 D00 ISO z 1#3
0070 AJ8(I#J) 2 AJS(I#J) * PP(I.Xj)*A2(1JfJ)
0071 1go CONTINUE
0072 P9 30 131,3
0073 Do 30 921.3
0074 NNaTCI*K)x4.
007S 30 CONTINUE
0076 DO 410 1.1.3
0077 lCIUC).2)
0078 410 CONTINUE
0079 DR 70 181#3
0060 DO 70 JuI.3
0081 SUN2(IJ)60.
0082 DO 70 IJzl,3
00,33 SUM2CIJ)OSUM2CIJ),*JSCIIJ)*NN2T(IJoj)
0084 70 CONTINUE
065 D 0680 1.1.3
0086 08 80 J*1#3
0067 COVM(IIJ) x 0.
006e Do 60 IJBI,3
0069 CIVMCIJ) a COVP'CI#J) *SUM2(I,1J)*AJSCJ.1J)
0090 80 CONTINUE

C CALL FROM LOAD
0091 IFCIOETNO*EQOn) 60 TO too
0092 Do 65 12103
0093 DO A5 J21#3
0094 CeVmS(IDETNmv,.J.IN*D.ISHIP) a COVM(I.j)
0095 6S CONTINUE
0096 ZM1 8 XYZPS(IDETN6.1.IRA0,ISHIP)
0097 ZM2 w XVZmS(I0ETN0,2.TPADIS4IP)
0096 Zm3 a xVZMS(IDETNA.3.IPAD.ISHIP)
0099 9FLAG 0a
0100 IF(KSMIP.Eg.1SNIP) GO TO 86
0101 x a ZMI
0102 Y a ZM2
0103 Z * P43

0104 CALL TRAh3F(XYZ,ZM1,Zm2,Zm3,K8H1P,Si'!p)
alas CALL CfVLNK(ISN1PI0ETk.OvImAoKS8IP)
0106 66 CONTINUE
0107 NNT a DUMST(KSNIPMT,KSHIP)

0109 0O 66 1.1,6
0110 XSCI) a YSMO(I.UT#K5W1#)

011, 00 66 JwI.6
0112 PS(I.J) a CqVsP"r!.J,m?.xSMIp)
0113 66 CONTINUE
(1114 IF(IFIRST(MTvKS,4IP).NE.0) GO TO 90
offs XP(1) a X8mOCIwTKSHIP)
0116 XP(3) a XSMOC3,I'T,FSNIP)
0117 XPC5) a XSmO(SvmT.MSNIP)
oils g0 CONTINUE
0119 CALL KALMAN(TnEL.UT.ZU, ,ZM2.7M3,KSNIPKFLAGSD)
0120 too CANTINUE
01a1 PETURN

0122 FNO
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CSN 
NRL REPORT 8358

0001 SUBROUTINE COVLNX(KS,?CaRtJS4!PI
0001 COMM0NiNDECK/AZND(20.5.)ELS'D(2o5,3).RNNoC2n),5,f
0003 COMMON/DETFILj!0ETC3,!),IDTA(256,3.5)
0004 COMMONiSTATIINMN2C3)
@005 COMMONIKAL2i PS(20.20,9)PPC2O.20),COVS C20,20 .C Vm (20.20) ,XP (20)
0006 COM.MONI'4EWl AZDi2O.20).EL0(20,2C),eLDAZ(20.20)
@007 CAOMONUPDATE/ILOC(20) .7!MLAG.TFSTA 512,3) ,TLASTC256,5)
0006 CO,'MOWiPAR71 ROLLC20).P1TC'4C20),RPHASE(PO),PPHASE(20)
0009 COMMON#PAR2/SLAT(20)oSLG(20)S47(20).S4o(20)
0010 DIMENSION~ 1(33)PC3,3).MP(3,3),THP(3.3).AJS(3,3)
0011 DIMENSIONI A(3,9),A2(3, 3) ,NNT(9,9),NN2T (9,9) .1(3.3)
0011 DIMEN31ON SUM(3,9).SLJP423,3),ANNAI (3.3) .ANNA2(3,3),CPV(3,3)
0013 REAL LAIL62.LA
0014 RtEAL N*N1,NNTONN27
0015 RAD x *0174S3292S2
0016 JJ a KS
0017 IT 8 ID7A(1D,!R#KS)
t016 EL a ELNDCITKS.1R)

0059 AZ a AZN0(IT,K$.IR)
0010 RN4 a RNNOCITsKS.IP)

0022 Do 120 J8103
0023 H(I.J) a 0.
0019 120 CARTINUE
o02 '(1,1) 0 COS(SH0(Ji)*RAD)
0026 H4(1#2) is SIN(SHCCJJI*RAD)
0017 H(201) a-SIN(SHO(JJV*RAO)
0020 '4(2.2) Is '4(.1)
0019 N4(3#3) a 1.
.40-1. ULRAD 4 ROLLtJJ)*RAC
0031 PJTRA(D a PIIC'4(MJ)RAD
0032 PC1.1) x COSCROLRAD)
0033 P(102) a 0.
0034 P(1,3) w SiINCROLPAD)
0035 P(2.1) 8 SINCROLRAD)* SIN(PITRAD)
2436, el~ol) y CISCRITRAD)
0037 P(203) u COSCROLRAD)* SIN(PITRAD)
0034 P(3#1) a 5INCROLRAD)* CIS(PITRAD)
0039 P(3#2) a -SIN(PITRAD)
0010 P(3#3) w COS(ROLRAD)* CaSCPITRAD)
0041 00 130 181.3

2142 J.00 110 J @1-,.3
0043 1p(IJ)g 0.
0044 DO 130 IJ*1#3
0059 'P(IJ) a HP(IJ)+ 14c!,TJ), PCIJ.J)

0046 130 CONTINUE
@047 7142 a SLAY(JSP4IP)*RAD
00.441 LA a CSLOGCJJI*RAD). (ULOGCJSMIP)*RAD)
0049 7141 8 SLAT(JJ).RAD
R050 Mal.) a COICLA)
0051 T(1#2) 2 SINCTN1)* SIN(LA)
0052 7(1&3) a COSC7NI)t SINCLA)
0053 T(2#1) x SIJ(7M2). SINCLA)
@054 T(2.2) a SIN(TH1)o SIN(7142)*CBSCLA) #COS(TMI)C. (712)
005, T(2.3) X-COSCTHI)t SIN(TOZ).COS(LA) *SIN(TH1)*C@ST42)
0054, 7(31) u-COS(7141)* SINCLA)

0057 7(3.2) 8 CAS(THI) SINC7IPl) .SIN(THI)a COS(1'H?)*CMS(LA)
00e T(3.3) v COSITMI)* COSCTII2)*CflSCLA) *SIN(TH1)*S!NCTH2)

0059 00 140 [.1.3

0060 DO 140 Jul.3
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GRINDLAY

C8VLNK

CUN

0061 71P41,J)B 0.
0062 08.. 100. IJsI.3
0063 THP(I#J) 2 THP(1.J)* Y(lo1J)'14PC!3,J)
0060 1410 CONTINUE
0065 Met,) u T(1#1)
0066 AC1#2) a T(1#2)
0067 A(1#3) a T(1*3)
0066 A(I#4) V. TNPCI.1 )*COSCEL)*S!NCAZ) ,tHPCI.2),C8S(EL3*kCeSCAZ),THP(a.

133 SIN (EL)

0069 A~l.!) * .THP(1.1)*RN* SIN(EL)SN(AZ) . THP(1,2)*RN*SINCEL)*
2CA5(AZ) *THPC2,3)*RN*CMS(EL)

0070 A(1.6) a TtNP(f~t3.RNaCBSCEL)*CeS(AZ) - THP(1,2)*RN*CI!S(EL)*SZNCAZ)
0071 A(le) -1
0073 A(t.9) v 0
0073 A(19) a 7(,1
0076 AC2*1) *TC2#1)
0075 A(2o2) T (2#2)

0077 A(2,4) 7H4'P2,)C@S(EL)*S1N(AZ) *TlPP(2,2)hCIISEL)*CflS(AZ)+
3714P (2.3) *51W(EL)

0076 A(2v5) a -TNP(2,l)*RN*STN(EL)*SINCAZ) -YRP(?2)*0K*3PJ(EL)*COS(AZ
4) + THP(2,3*RN*CeSCEL)

0079 A(2,6) a THP(2,1)*PN*C0S(EL)*CflS(AZ) .TiHP(2,2)*PN*CPS(EL)*S1N(&Z)

0060 A(2#7) * 0
0061 A(2p8) a -1
0061 ACZ.9) xa0
0063 A(3#1) 5 T(3.2)
0064 A(3#2) a 7(3#2)
0065 A43p3) a T(303)
0066 A(3#4) 4 71P(3#1)*CMSCEL),SIN(AZ) + T(3.a)&reS(EL)*COS(AZ)+ 714P(3,

53)* SIN(EL)
0067 A(3.5) 8 *THP(3. 1),RN*$INCEL)*S!'(AZ) *THP(3.2)*RN*STN(EL)*COS(AZ)

6# THP(3,3).ONUCVIS(EL)
0066 A(3#6) 2 .THP(3. 1)hRN*C"8(EL)*CfiSAZ).TNP(3,2) *ANatfS(EL)*S!N(AZ)
0089 A(3,7) a 0
0090 A(3,6) s 0
0091 A(399) 8-1
0092 Do 10 140,9
0093 DR I'J Ka,9
0094 NNT(I*K)SQ.
0005 t0 CONTINUE
0096 DO 20 1.1.9
0097 NNT(tvl)$PJCI)*N(I)
0096 20 CONTINUE
0099 flO 50 181#3
0100 DO 50 J91.9
0201 SUptIj)w0.
0102 be SO Ijvl,9
0103 SUMCI#J)USUMCI.J),A(I.IJ)*NNT(I3J)J
0104 50 CONTINUE
0105 90 CflNTINUE
0106 Do 60 101.3
0107 DA 60 3.1.3
0106 COvM1,J) a 0.
0t09 D'A 60 13.1,9
0110 CeYPM(!,J)9 CIVM(!.J) + SUM(!IJ)*A(J,!J)
0111 60 CANTINUE
0112 45 FORHAICSX89714.30.4)
0223 RETURN
0114 END
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?JRL REKPORT 8358

CIN

boot SLUROUTINE KALMA,(TOEL, !TARZmt.ZM2,ZM43,ISHTPK!LAGS0)
0002 COMMON/OETECTi/KYZmS(*O,3,3,5),TMS(2O,3,5),C0VMS(2O,3,33,,tS)e

lLSTUINte0, 100#,5) ,XS(20),TMK(6,35)TRATG(20),LNKPIN2O,3,5)
0003 COMMON/K&Lt/ PMI(ao,20),6(20#20)#M(20v20)
o004 COPMON/KAL2/ P3(2 0,2),PP(?,2)CV(2.22,COVM(a0,201 ,XP(20)
00bs CO0NNIN/KAL0#ZFIRS7(2Og5)oflot,0M2,0IN3
0006 COPMON/TRIANG/ CIVI (ao202),UP(20,20),FL (20,20)
0007 COMMONINVEPT/R(20,20),RI(20.20)
0006 DIMENSION XPMIJO)*StJm(6) ,SUM2(3) ,X$MUC3)
0009 DIMEN31ON ZM(20)vkT(2O,!O)
0010 OTMENSIeN om (20,20) ,0M2(20,20) ,0M3(?0,20)
0011 DIMENSION V"CI(3#l)vD30(3,3)#DM(3,3)
0012 DIMENSION 0tW(6v6) ,DSM(6,6),VOC2(b,6)
0013 I'4TFGER cDiN,I)1M2,rVIM3
0014 ZMW1 a ZM)
0015 ZM(2) a ZM2
o01 ZMd(3 a ZMA
0017 01141IM
0016 N 0M2
0619 NS a GIM3
0020 JFIRST a IFIRS'T(ITAR,ISHIP)
0021 IF(JVIRST.Ly, 2 *AN4. KFLAG *EQ. 2) 66 T6 12W)
0022 IF(JFTRST) 10,165.IA0
0023 to CMNTINUE

C FIRST TIME THAI)
0024 08 120 18t,N
0025 D" 120 JBl,N

C $OOTKFO COVARIANCE OATRIX
0026 PS(TtJ) a ')

0027 120 CANTINUE
0028 PSCi,t) a CmVM(l.1)

0029 P9033 a C"V'(2#?)
0030 PS(s5S) a CeVP'C33)
0031 P8(1,3) a COVMCI,2)
003? P1(3,1) a PSC1,3)
0033 PS8t,53 a COVM( 1,1)
0034 P8(5,1) a PS(1,5)
0035 P8(3,5) 8 CMVM(2#3)
0036 PS(503) a P8(3,5)

C PREDICTED POSITION VECTOR
0037 128 160 Ixj,N
0038 90(l) a X3(1)

0039 160 CONTINUE
0000 Go To 1201
0041 16S CftNTINUE

C MWON TIME THOU
0012 P3(2#2) *(C@VNCIl)# PSCI,Ml)(TDEL*T)ELl
0043 P8(2,0) 3(aV(,, PS(I,3))/'(TDEL*T0EL)
0044 P8(0,0) a (COVN(2,2)+ PS(3m3))/(TOEL*Y0EL)
boas P8(2,6) a (COV0(l&3)+ PS(l,5))l(IDEL*TDEL)
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GRINDLAY

KALMAN

C&N

0046 *P8(2,4)
00417 P8(,) SP(2,6)
904186 ~ 1 OMIi
0049 P8(1,2) 3 Ct8VN(1,l),#TDEL
0050 P8(2,1) a P3(1,2)
00s1 P8(103) a CaVw(1,2)
0052 P3(3#1) a PS(l,l)
0053 PS(41,6) *(C8VM(2,3)+ PS(3,S)M'TOEL*'0EL)
0054 PSS(bO.)
0055 PS(6#6) a (COVM(3,3).98(5,5))j(TOELTOEL)
9056 P3(1#4) 8 CflVm(1,2)rr~nEL
0057 P8(41,12a P8(1,42
00,58 PS(2,3) 8 COV'4(1,2),?oDEL
0059 PS3002) a PS(213)
0060 PS(3,3) a CRVM(2,2)
U061 PS(3#4) 8 t8VW(2,2)ATDEL
0062 P3(4,3) a ps(3,4)
0063 P3(1,5) a CFIVM(l,3)
0064 PS(901) a PS(I,5)
0065 PS(2#5) 0 COVM(1,1),OTDEL
006b PS(SOP) 1 P3(2,S)
0067 PS(3,51 a COVM(2,3)
0068 PS(5,3) a P3(3,S)
0069 P3(4,5) 8 CPPP*TE
0070 P3(5,4) 3 P3(U,5)
0071 PS(5*5) 3 COVm(3,3)
0472 PS(1,b) - CftVtA(I.I),TDEL
01071 P3(6,2) a p3(1,6)
0074 PS(3,61 a CqV"(?.3),TtDEL
(JOTS P8(6.3) a P3(3,6)
'076 PS(5,b) 3COVm(3,3)/TnEL
0077 P3(6,5) *P3(5,6)
0076 DlO 155 !81,N
a074 DI~ 155 J31,N

C PPEDICTED CMVAR1ANCE MA7RIW
0080 pp(IIJ) a PSfl,J)
0081 155 CnNTZNUE
0082 OR 170 191,N
00183 DM8 170 Jz1,M
00841 O(I (1,J)a.
0085 OR 170 XUI,N

0087 170 CMNTINUE
0088n fl AO 1X1,m

0089 DR tAn JUl.,4
0090 C'AVICI,J) * CflVP'(T,J)

0092 CALL OPPERTrP4)
0043 no tqo 181'm
0094 OR~ 1410 Jaim

92



AD0A079 951 NAVAL RESEARCH LAS WASHISTON DC F/S5 9/2
MULTI PLE P LATF ORM S ENSOR I NTEGRATI ON MOD0EL: RULsIm COMPUTER PRO -ETC(U)
DEC 79' A GR INOLAYT

UNCLASSIFIED NRL-A35A SBIE-AO-EOO OAR END



NIL REPORT 8858

KALMAN

o095P(h#J) *UP(JvI)
0096 199 C'4TINIJE
009? CALL INVERL(14)
0094 0o 195 Zl,"
0099 on 195 jai,"
0108t 0M2(1,J) a 0.
0101 DO 195 KmI,P4
0101 OMIv1J) a l11J P11MaJJ~
0103 19S CONTINUJE
0204 on 215 JaSN
0105 DOA 21S J81#14
0200 #TClj,) a 0.
0107 Do 215 Kai,"
*too W?(fjJ) a MY(JJ) *fi#I(T,)*0M2(KJ)
0109 215 CONTINUE
Olin Go To $90
0111 100 CONTI1NUE

C SET UP TRANITION4 1407P1
0112 DO tOS 18I.N
0113 DO 105 JmI,.J

Otis P141(1,1). a IV
011 105 CONTINUE
0117 P141(1#2) a TOEL
011s P141(3#0) a TDEL
0119 P141(5,01 a TDEL

C COMPUTE PREDICTION COVARIAN4CE

0110 04 ISO 1m1,N
0121 DO ISO JalN
0121 Dmt(I,JlaO.
0123 On IS0 991,4
0114 ISO DNtIJ)aoNI(,J)PS(,k)PI(JK)
0125 Do 210 IslN
0126 Do 210 3.1,14
012? 0N2(TJ)sO.
0116 On 200 K811t4
0129 200 l(,a0(JJN(,)0I,)
0130 2110 PA.(tjJ)@CMl(1,J)
0131 IPN)320,320,140
0132 140 CONTINUE
0133 0o 290 1.2,145
0134 08 150 3.1,14

0163 D-0 u4 -N8
0137 250 DMIIJ)a0141(TJ),CevSgl.K).0(JN)
0134 Do 310 1.1,14
0239 DO 310 MON,1
0140 0M2(1#J)804
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GODILAY

X~AL14AN

01::o 300 iKa3,NS

0142 300 O02C1.J)Ust2CI.J)*GC1DK)*0M3(kIj3
01615 110 PP(tfj)sppctoj).O"2CT.J)
0144 320 CANIINUE

0145 (lo its jxl,N

o146 DlR 311 JuI*N
old? 35 PP J * P!JAFP.0*0L

C
C CfltP'jTF FILTER OvETGHT3
C

0148 PA 3so J11N
0349 noI 350 JmliM
0350 DMlIfJ)84.

01st re 3S0 Kvl*N
0352 350 fl4lCIj)0M(TpJ)4PPC!DK)*N(JeN)
0l1 l0A 410 101,0
@154 08 410 jultN

0355 DM2(IeJ)aO.
035S6 Off 400 KSI*N
@357 400 f$C,)D21J4(,)M Ki

01114 410j vncT(!.J) a 0M2C1.J)+CevmtI.J)
0159 CALL MTVC...3dMI.IeUDX9
0160 Do~ 550 1810N

0161 PlO 550, Jul,"4
@162 NT(I.3)s0.

0163 DRI 550 KU1,0N
0364 550 WT(I..3) a ITC1J),DM1CI.V1V~O2"(MJ)

C

0165 DR 600 121,N

@166 - 00 *bO0 JuI.N
0367 DMICI.J)80.
0168 aft *00 981'"

0369 600 1(,U03CJ)w(.)M,)
0270 DO 660 12104
0171 DO 660 J31,N
0372 DH2(IPJ)80.
0171 DoI 650 KmI*N

0374 bSO lDmD(ljJ)UDmP(JJ)4DM1(1uK)oop(M.j)
0175 660 PscitJ)sppc1t.02(I.Jl

C
C FILTER UPMAYE
C

@376 Do 900 133.N
0177 XP(3)o.
0376 00 900 J81*N

0179 g00 Ep(t)*1P(I)#P41(1.J)*XSCJ)
ole0 890 CONTINUE

ol~l 08 960 u,
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KIALMAN

C 904

002DM(,)O
0163 DR 910 J810N

0185 960 DM2(I 1ZM( 1) -001(1 1)

0186 DO 1010u1110

oleo DA 1000 Jo1,N
0189 1000 Ot1 (2, I)s0141 (1.2).WT(?,J)*DM42CJ,1)
0190 1010 WS(?)sP(t)*DMl(II)
0191 12041 CANTINUE
Olga IF(KfI.&G.NE.2) Wt TO 1300

C
C CALCULATE STAT'ITICAL DISTANCE
C

o0il3 OP 166 Ist,N
0194 XPMIJCI) a -11141(T,112
eigs ORA 166 JulN
11196 VACaCZ.3) a PP(JJ)
0197 166 CANTINUC
alga CALL T(Clt.,o..,OI,,,YVu
(1199 PARTI a 0.
0200 PART2 a 0.
0201 DR 366 181'N
o202 8JP(j) a 0
0243 366 CONTINLE
0204 On 06*6 181,N

naosO0 464~ Jul,N
0206 SIJp'(I2 a $1114(t) *YfpuJ)*O5md(JT)
opoY 066 C~RNTINUF
0208s 00 SbE, J81,14

0209 PAPTI a PARTI*SUmCJ)4XPMU(J)
0210 566 CONTI14UF
0112 xmmti(l) a ZM(I2 *)(Sti
ouli XMMIU(?) a ZMC2). XS(3)

02120 OR 66. ?110
11215 StLW2CI) NO.
0216 DR' 666 jalso
0217 voCI(IJ3 a CAVO(JJ)
0216 466 CRNTINUF
0210 CALL
02?20 DR $66 Islom
9221 po~ 866 JSI,N
OP22 SIWICIl) a SIIPI) + xMpU(J)*.0i'(J,T)
0223 066 CflNTIfSUE
0224 OP 066 jolM
022S PART2 a PART? # SUI'icJi.XmMU(J)
0226 066 CAP.TINL:E
0?27 SO a PARTI *PARTP
0224 GR To 1300
0229 1299 CONTINUE
0130 30 8 10.
0211 1300 CANTINUE
023a RETURN
0233 END
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0001 SU8SOUTINE SORT(IUEC.TSHIP.TRAD
C SUBROUTINE SORT EXAMINES EACH TRACK IN THE SECTOR UN"ER COtNSIDERATliOk
c IF THE TRACV IS A PARTICIPAIINA MEf4AEQR AAS ERRORS ARE REOLCED.
C If THE TRACK IS NOT AN OWNHIP NP? SLJAUAUTTNF TINC"N IS CALLED TO
C PREPARE INFO ON ASSRCTATEn VETECTIAN FOR TRANSMISSION OVER THE LINK.
C if THE TRACK IS AN OWNUIP MPT THE LINKED FILE 'TESTS' 1S LOAOEn
C WITH INFO FOR ACCESSING DETECTION FILES. 'TESTO' CONTAINS THE I.0.
C NOS.,SHIP NOS. AND RADAR NOS OF ALL DETECTIONS THAT WAVE RECENTLY
C BEEN ASSOCIATED WITH NT" TESTO IS LINKED BY FILMO ANO FILF1

0002 COHMON/DETECTjXYZHS(2n*;,1*5~,THS(1O,3,5),COVNS(20,3,335)*
ILTI(4103SSSi)TOK643S#RTCO#N~N2##1

0003 COMMON/UPOATE,1L0CL20),TIHLAODTESTO(512.33DTLAST(2S6,S5
0004 COHHONLINK/LNKFSXLNSTO(20,)CUSTS205)TQKST(2.201.PTFST(?

1O,0I#LNKID(20) .TIMLNK(20.5l.ROLLNK(20,5).PtTLNK(lo.5).SMCLNKC20.I;
2).XSmOC20,20,S),COVSMiAIO.IO20.5).RMCSRV(I0.10.20.5),HPFLAG(20.5)

0005 COP4ON/CRA3,DETSX(256),13tORCPS6),OETID(5ll)
0006 COHHONIPAR2isLATC2O).SLOG(20).SH41t20),SNDE2O)
0007 COMMON/PAPT, ROLL(202.PITCHC20).RPHASE(203.PPHASE(2O)
0001 COMMONjDUHSEC/DUMSX(641 5),DUMIO(qI2.5)
0009 COMMON/NDECKIAZNDC20,!.3).ELND(2o.5S.3).RNNDZII,S.3)
0010 COMMON/RANTIMH/TAA0420.3.5)
00lt COMMON/DIST/SD(2503
0012 COHMON/SORT/FILFXC2BA.5),FlLIO(512)
0013 DIMENSION RANOCIOC)
0014 INTEGER DIJHXDETSX.PTFST.TRKST.TESTP*FIL ID.FILFX.CUHID
0015 NT a DUMSX(ISEC,ISHIP)
0010 10 CONTINUE
0017 IF(NT.EQ*0) Go TO q90
0016 LOC a VET3X(NT)
0019 IDETNO a ISTOR(LOC)

C ARE THERE ANY DETECTIONS ASSOCIATED WITH TRACK NT
0020 IF(InETNO.Eg.0) GO TO 20
0021 KS a PTFSTCNT.ISMIP)
0022 MY a TRKST(NT*I5HIP)

C mPFLAG 8 1 INOTCATES PARTICIPATING PLATFORM
0023 IF(HPFLAG(MTKS).E.0) GO TO 30
0024 IF(KS.EQ*ISWIP) GO TO 40O
0025 POLLNK(IDETNO.I5MIP) x ROLLCISHIP)
0026 PITLNKCItETNIISHIP) 2 PITCHCISHIP)
0027 SHOLNKCZDETNOISHIPI a SMD(ISHIP)

CCCC INSERT RANnOM DELAY
0026 NNN m 1
0029 CALL VRANF(RANDNNN)
0030 TRANCIDETN~oIRAD#ISHIP) a CRN()1.). TMSCIDETNO.IRAC4ISHIP)
0031 901ST a 30(LflC)
0032 CALL TIMCANCIDETNO.HTsS.ISHIPIRAD.ISEC.SDIST)
0033 GO TO 20
0036 30 CONINtUE
0035 GO TO 20
00106 40 CAKTINUE
0037 TORBP 5 1
0036 CALL DETLOC(NTvLOCIOROP)
0039 TEUTO(LCP1) a IDETNO
0000 TEITI(LIC.2) a ISHIP
0041 TE3TO(LOC#31 a IRAD
0042 FILIOCLOCI 5 FILMKN7.ISMZP)
0043 FILFXCNT#ISHIP) u LOC
0044 20 CONTINUE
0045 NT a DUNIDPITSISNIp)
0046 Go To 10
0047 949 CONTINUE
0043 RETUR14
0049 END
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C,"

@1 SUBROUTINE 1MO(OT4,TK.SI,5CSIT
0001 C04ONM ODuLOIlaLOTCZO,5.40),IKEY(3). INO@lO. INSOA

7 1 @003 COPMON/DETECTJXVZNU(2o.3,3.5),TMS(20,3,5,.COVNS(20O.3.3),
1LITSIN(64.100.3.I3.XS(20).TM4A(64.3.51.TmATG(20),LNXNsa2O,35)

0004 COWMNNLINX/LNXFVLNKSTOC2O.5)DDUNUT(5.20,5),TRKST (2a.20).PTFST(2
10.202.LNKIDC20o3TIt4LNK(20.5)1 ROLLNK(20.5)PITLNK(20,S)S4OLNC(205
2).XSNO(2O,14.5)CVSP140.1o0O5)PRECOVClO. 3#0.lO,)MPLAGC2O,#S)

0005 CONNO6NiLOCLNKILAULNK.FILLNK.LISLNKC20).NEXLNK
080 COMMON/4ANTIM/TPAN(200309)
0007 INTEGER FULLNK
00 IF(FULLNKONI.0) GO TO 30

C INITIATE PROCEDURE FOR PURGING FILE
0009 1 a1
0010 10 CONTINUE
0031 10 8 LNKSTO(I.1)
0012 IS a MayetO(.2)
0013 JR a LNKITOCI*3)
0014 IF(TMSCID1IR.I3.LT.CTi'RKCISEC.IR.19.-30.)) GO TO 20
0035 CALL LNKDRP(I)
0016 IDRP a 0
0017 CALL LNNLOC(J.IDRP)
@016 20 CONTINJUE
0019 I a 1.1
080 IF(I.LTsi0) 60 T0 10
0023 30 CONTINUE
0012 PRINT 301.TMS(IOETNS,1IRDI8).SDIST,!S.TRANCIDETNO,IReISI
003 301 FORNAttilOXSDE7ECT 1I#F'F10.3,SX,'STATOIST'.FIO.3,5K,9PLAIFORMI,

1I4,lX,lRAN5 TIME'.FIO.3i)
0024 ITINE x Tm8(IDETNO*IR#13)
0029 IWODOO.8 1OCITIMEa1wOD6o)
0024 ImOD a MOD~o # 1
0027 It'OD"I aIMOD-j
@026 IMODMZ IMOO.2
00at IMODNI q 1900.37
0030 IMODM4 a IMOD.0

CM-. T1ME SLOT 13 FULL DETECTION IS NOT TRANSMITTED
0031 IFILTM.SIAMN~)GO TO 40
003p. I!(ISLOI(P?,NS*I"ODM3).NE.03) GV TO n0
0033 IF(ISLOT(MT.KS.Im@DM2).NE.0) GO TO 40
0034 IF(ZSLOT(MTmKS.IfPODPMI).kE.0) GO TO n0
0035 FILTMeN.MDI0 GO To 80
0034 IULftT sKS.IMOD)
0037 IDRP 0 1
0036 CALL LNKLOCCLOC.ZDRPI
0039 LNKIO(LOC) a Lt4WFIK
0040- LNKFSX v LOC
0041 LNKSTO(LOCI) * IDETNO
014. LHJLSTCLOC.1) v to
3043 LMNSTOCLOC#3) 2 IN
0044. LNNBTOCLOC#43 a "T
0oes LNXSTO(LSCS) *KS
0one 40 CONTINUE
0047 RETURN
@046 END
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co0l SUBROUTINE LNKDET(ISWIP#ISECvIRADJ
C SUBROUTINE LNKOET PLACES DETECTIONS FROM THE LINK IN THE TETO FILE
C FOR EACH TRACK IN IIEC.ThE DETECTIONS ARE ORDERED IN TIME AND
C PLACED IN TH4E ILRC FILE. LNWDET CALLS LPnATE AFTER ANOERING THE
C DETECTIONS

0002 COPMONIPANTJM/TRANC20#345
0003 COMHONiDETECTIXYZ.'S(20.3.3.5),TmS(20.3.5).COVNS(20,3,31 3,5).

ILSTSIN(64,10.3.5)X(IQ)TRKCOU.3,5).TPATSo(20),LNKRIN(20,3.5)
004 CISNtIUPDATE/ILOCC20). TIMLAG. TESTO(512.3),TLASTI2SI.5)
000s COPNONiLINK/LNKFSX,LNKSTO20*5)*CUm5T5*,20*5),TRNSTpo,3O,*PTFSTC2

lO.20).LNKIO(20).TlmLNK(20.5).ROLLNK(20,S).PITLNKCIO.5).SHCLNK(20.s
I) e K9OC2Q ,20.5) eCAVSNeIOOO(1.1*2DP~ppECAvcIC.10.20 ,5) IPAG (20)S

0006 CeHNAN/DUMSECIDUH5N(6U,5),DUMfln(5I2,5)
0007 COMMON/SORT/FtLFX(256.5).FILID(512)
0001 INTEGER DUPSTTESTOFILtO.FILFX~nIMSX.numIO.PTFST.TRwST
0009 NT a DUmSXCISEC.ISHIP)
0010 IF(NT*EQ,0) GO TO 999
0011 LOC a LNKFSX

C LNKFSX IS THE LOCATION OF FIRST ASSOCIATED DETECTION IN LIN~K FILE
0012 to CONTINUE

C ALL LINK DETECTIONS CBKSIDERED
0813 IvCLOC.EG~oI 00 TO 150
9018 KS a LNNSTOCLeCsS3

C DOES THIS DETECTION CORRELATE WITH 15,41P TRACK?
0015 IF(KS.NEelSHIP) GO TO 101

0016I uO LNKSTO(L"C~l)
0017 1S a LNNSTO(LOC.2)
0010 IR a LNKSTB(LRCP3)
0019 MT l LNKSTO(LBC#4)

C IS DETECTION ASSOCIATEC WITH PARTICIPATING PLATFORP
0020 IF(M*PF(.AGCMT,K53*NE.0) GO TO 100
0021 NT a DUMIT( Ks MT4;SwIP,
0022 IF(TRAN(I08IR.IS3 Gf.TMiRX(tSEC.tRADo1S0IP)) GO TO 101

C WAS DETECTIAN MADE BEFORE LAST UPOATE
@ 013 IF(TMS(I0PIR,I3),LE. TLAST(NT*ISHIP)) GO TO 100
0024 IMRP a I

C GET NEW LOCATION FOR LINK DETECTION IN TESTS FILE
0025 CALL DETLOC(NTeLOCC.IDRP)
0020 TESTO(LOCC~l) UID
0027 TESTOCLACC.a) IS1
t0le TESTOCLOCC.3) aIP
0029 FILID(LOCC) 8 FILFX(NT,1SNI'3
@030 FtLFX(NTIS*IIP) a LOCC
0031 100 CONTINUE
@032 LOCOLO a Loc
0033 LOC a LNkID(LOC)
on1 CALLALNKORPCLOCOLDI.
0035 I04P a0
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1236 CALL. LNKLOCC(LOCOLO. ION,)
0,37 so TO 10
@636 lot CONTINUE
0039 LOC a LNKID(LOC)
som0 Go To 10
041 1S0 CONTINUE

C QS ThRU TRAMK AGAIN
SOME NT a DUMIKCISECOISHIP)
0043 200 CONTINUE

SOM46K a 999
lss IF(NT.EG.0) 00 TO 999
0010 KSHIP a PTPST(NTPISHIP)
0047 Ir(KSHIP.NE.ISMIP) GO TO 280
Slo OT a TRKST(NTOISNIP )
0049 IFPPFLAG(MT#KSWIP).EQO) Go To 205
0050 so To 170
0051 20S CONTINUE
sell K 0
0053 LOCC a FILFX(NT#I$HIP)

C ARE THERE NO DETECTIONS ASSOCIATED WII'H THIS TRACK
0054 IPCLOCC.Ego.) GO TO aec
0055 210 CONTINUE
0050 K a K+I
0057 j aK1
0056 220 CONTINUE

C FlIT PASS
0059 17cJ,EO.13 GO TO 260

C ORDER COPRINED DETECTIONS IN TIME
0060 ID a TESTOCLeCCo1)
001 IS a TESTO(LOCC.2)
0062 IR m TEWTOLOCC.3)
0063 1D00 TESTOUILMCJ-1),I)
0004 185 TESTe(1LaC(J-t1#11
0005 IRA aTf3Tt(IL'qC(J-t),3)
0006 l7CTm5(XC.!RIS).GT.TMS(IDD.IRR.133)) GO TO 20
0007 ILOC(J) 2 ZLRC(J-t)
0066 .1 8 J-1
0069 GO TO 220
0070 200 CONTINUE
0071 ILRC(J) a LOCC
0072 LOCC a FILIDCC

C HAVE ALL DETECTIONS BEEN ORDEI.ED
0013 IFCLOCC.NE.O) GO TO 214
04 270 CONTINUE
0075 CALL UPDATECHTvISECIRADISHIP,X)
0010 210 CONTINUE
0017 NT u* DUMIDCNTvISPIP)
0076 OR TO 200
0079 999 CONTINUE

0060 RETURN
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@001 SUBROUTINE UPOATE(NT#ISEC*IRAD.ISNIP#K)
C SUBROUTINE UPflATE GOES THRU THE LIST OF ORDERFO DETECTIONS WHICH
C ARE ASSOCIATED WITH TRACK NT AND UPDATES POSITION ANC VELOCITY Of
C NT BASED IN THESE DETECTIONS. UPDATFS ARE MADlE TOITIPUP'WHIC4 IS
C CURRENT-TIME LESS SOME SPECIFIED TIME LAC

cool CRNMON*IPLOT/IPLT(1000).XX1 (10OO),YYYC1OO0).NPYYNC1flO0).IYIS(IO00)
0003 COHMONiKAL2/ PS(20,2o).PP(2O.2O),COVS(20.la),COVM(?O,20).KP(20)
0004 COMMON*KALViFIRT(2OD5).DlmleD1m~,DIM3
0005 COMMO~iUPDATEvILOC(20).TIMLAG.TE3TeCS12.3),TLAST(256,S)

loZaO)LNKID(20o.IMLNKCio.5.ROLLNK(20,S).PITLNK(lO.5).SHCDLNK(ao.S
2),XSNO(20.20,5).COVSMO(p1,Zo,50P),PRECOvCIO,10.20,5).MPFLAG(lO,53

000? COMO4NIDETECTXYZP'S(20.3,3,5).TMSC20,3,5).CeVMS(2l.3,31 3,53.
1LSTIINC04.100.3,5).XS(20).TMPK(6M.35)TPATGao0p.LNKoIN(20,35)

0o0l COMMONiNEWIAZ(2020)RG(0l0)EL(22O, 0)
0009 COmMONiDATEUP/NUMTRG,NLPSMP
0010 COhMONiTRUE1XYZTRU(20v3v3#5)
0011 COMMON#DETFILJICET(3.5).IDIACZ5,.3.5)
0012 INTEGER TESTO.TRKST.PTPST.01MODIMI.DIM3,DUMST.TRATG,MPFLAG
0013 No DIMI
0014 MT v TRKITCNT#ISHIP)

C Ks9@9 INDICATES UPDATE OF PARTICIPATING PLATFORM
0015 I7(N.Eg..999) GO TO 60
0016 TIMUP 2 TMRK(ISEC#IPAD.ISHIP, - TIPLAG
001? DO 55 Iml.N
0016 XS(13 * xSMO(ItHT.ISHIP)
0019 DO S5 Lv1@N
@020 PS(IvL) a CftVSm8OL.Nr.ISHIP)
0021 SS CONTINUE
0022 Jul
0023 10 CONTINUE
0024 10 TESTO(ILOC(J)#1)
0025 IS TE3TO(ILOCCJ)v2)
0020 IR aTESTCOCCOM10j
S02? IT 19 IDTA(IDOIROIS)

C IS DETECTION TIME GRE47ER THAN TIMUP,
@026IFCTMS(IDoIR*153.G1.TIPUP) GO TO 20

00lo X a YZMBCIO1IR.IS)
0030 Y XYZMU(ID*ZoIROIS)
0031 Z a YZMs(IDp3fIR.IS)
0032 TDEL w.TM&CZD8 IR.IS) w TLAST(NIISIP)
0033 IFCI8MtP.EQ.I8) GO TO 40
0034 CALL COVLNX(Il.IO.IR.ISNZP)
003S XT a
2036 VT a?
0037 ZTUaZ

2130 ITT v XYZTRU(ID.1.IReI8)
0039 Vii U EVTRU(ID.20IP.IS,
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0040 ZTT aXYZTPUCIDg3#dR.IU3
C MOISY SYARILIZED COORDINATES WITHd RES'FCT TO ISMIP

0041 CALL TRANSF(XT,YTZT,VV.Z.IS4IPIS)
C TRUE COORDINATES WITH RESPECT ISHIP

004a CALL TRANS~F(TT.YTT.ZTT.XTRUTRqU.ZTRU. $ISNP.tI
0043 so to so
0044 40 CONTINUE
0045 XTRU 9 XYZTRU(I0o.#Ip.!S)
0046 YTRU 6 XYZTRUCID#Z,Igpl15
sod? ZTRU a XVZTRU(10,3.IRIS)
0046 00 4S 161.3
0019 00 4S Lu1*3
200 COVMCZ.L) v C@VPSIIOI.L#IR.1S)
0051 45 CONTINUE
0052? 50 CONTINUE
0053 IP(IFIR8T("TvISt4IP).NF.O) GO TO 6
@054 XPl a x
0oss XP(2) a KSMO(2#NTflsiq!p)
005* XPC31 a V
0057 XPMI 8 N5W0C4,MT,18MIP)
C050 XP(s3 9 Z
809 XP(6) a XSMS(*MPTa!SHIP)
00*0 60 CONTINUE
00*t XFLAG 8 1
0068 CALL KALH*N(TDEL.'T.X.V.Z.Ilt4IP.KFLAG.SD)
0063 IPIRUT(NT.?SIIIP) a IFIRIT(MTISHIP) # 1
0064 IP(MPPLA6(P47.ISHdIPI.NE.0) 6O TO 90
006 TLAST(NT.ISHIP) *TmSCI6#IR.!S3
00*0 TIMLNX(MTvIS4!P TMS(1D.JRoISI
00*7 1IMP a 0
0000 CALL Q[TLOCCNT.ILOCCJ)IIRP)
00*9 CALL DETORPCNT.ILOC(JI,1SN!P)
0070 PRINT 300.TIMLNK(MT*JI.IP) 1IT*XTPU#YTPL*2TRUIS
0071 300 PRA(1EF035,TPEII.x TU'2,P330~5
0071 PRINT i9l.TNRN(CISEC.IPAD.TSMXP),.Y.Z
0073 302 FORWAT(1@1.,lo,1?XuNS!SY'.2X.3F13.3)
0074 PFINT 394,XSC13,1SC3),XSC5.x2.s34.,XSC6)

0075 304 FORN4AT(36X,ISMSOTNU.lX,6F3.3,.)
007* IFCIToNE.I) GO TO 70
00T? YVVm(NP3 u V33
0079 XXI(NP) aTIMLNM(wTIs1IP)
lo" IYISIt4PI a I
f061 NP a 749.1
00ga ?0 CONTINUE

C ARE THMN 1OME DETECTIONS t" BE CONSIDERED.
9083 IPJ.EQ*K' -0 TO So
9064 JUJ.1
1111 00 To 10
00#& s0 CONTINUE
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C IF It. HAS SEEN MORE THAN 2 SECaONO SINCE THE LAST UPDATE Of A SHIP
C IT WILL BE UPDATED TO WITHIN ONE SECOND OF THE BECT40 CROSSING TIME.

006? IF((TMNKCISEC.IRADI..4IP).TLAI1(NT?S,41P,))LT.a, 90 TO 499
00s6 TIm! m TI'RK(I6EC#.IAOISIIP)-.
0069 T0EL 2 TINIUTLAST(NT#ISMZP)
0090 IF(TOEL.LT. t.) GO To 999
0*9.1 J. ISWXP
*092 9 MPPL*GCMT*ISHIP)
sell CALL INPGEN(TIM1,NUM3WP)
@094 CALL UCOORD(NUMTAGNUMSHP.J1
Otis X a RG(KDJ)*CSN(ZCW.J))*COSCEL('KjI))
@096 Y a RGCI(.J)*CIN(AZ(W.J))*COS(ELCK.J))
00"? Z a R.G(K*J1*31N(EL(KpJ))
@096 DO 65 1.1.3
0099 00 6S Lulv3
0100 COVN(IL) a 0.1
0l01 65 CONTINUE
0102 Cevm(1,11 6 too,
0101 CDVM(2#2) .u too.
0104 C@VP(3p3) a t00.
010, Go To so
0106 90 CONTINUE
0107 TLASI(NTvISMIP) a 71Is
0106 TIMLNKCMTvISWIP) w TIMI
0109 62 TO 30
Otto 2o CONTINUE
0111 IFCJeE9.1) GO TO 999
0i1a 30 CONTINUE
0113 DO 35 IUION
@214 XSM*O(I.J'TvISmIP) n X3(1)
011s 00 35 J'1,N
@116 CAVSMO(Iv,MT,ISHIP) a PSCIJ)
oil? PRECOV(I,T.ISNXP) a Pp(I.J)
0ti6 35 CONTINUE
@119 IF(M0FLAG(MTo.ISHIP.%E.0) GO TO 1SI0
0180 GO TO 165
alai 1.0 CONTINUE
021 NSI4IP a K.NUNTRG
0123 PRINT 30l.TIMLNMCPTISPJP,,NSHIPXYZ, ISHIP
*too 301 FORNAT(1I,Flo.3,7X. 'SI.IP',1a,3K, 'TRUEI,2X.3F13.3,43x.I5)
Otis 165 CONTINUE
011* 999 CONTINUE
o12? RETURN
0126 END
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